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THE  EFFECTS  OF  FLUORIDE  ON  THE  GROWTH 
OF  CHLORELLA  PYRENOIDOSA 

by 

A.  O.  Smith*  and  B.  R.  Woodson 
Department  of  Biology 
Virginia  State  College 

Received  for  publication,  April  17,  1964 

This  study  was  undertaken  to  determine  the  effects  of  fluoride  upon 
the  growth  of  Chlorella  pyrenoidosa,  Emerson's  low  temperature  strain. 
It  has  been  reported  that  fluoride  does  inhibit  glycolysis;  however,  con¬ 
flicting  reports  of  this  antimetabolite’s  effect  on  the  respiration  of  Chlorella 
pyrenoidosa  have  been  presented  by  Gibbs  (1962),  and  McNulty  and 
Lords  (1960). 

Sites  of  Fluoride  Inhibition  in  Respiration  and  Growth 

Fluoride  is  known  to  be  a  metabolic  poison  in  the  Embden-Meverhof 
pathway  of  mtabolism.  Harper  (1961)  and  Gibbs  (1962)  reported  that 
fluoride  inhibition  of  glycolysis  occurs  at  the  site  of  enolase  activity. 

COOH 
C  —  OP 
CHo 

Enol  Phospho- 
pyruvic  acid 

Nickerson  and  Chung  (1952)  have  stated  that  inhibition  is  at  the  point 
of  phosphoglucomutase  conversion  of  glucose-l-phosphate  to  glucose-6- 
phosphate  in  yeasts. 


Mg+  + 
Enolase 


COOH 

H-C-O-P 

H.-C-OH 
2,  Phospho- 
glyceric  acid 
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Effects  of  Fluoride  on  Respiration  and  Growth 

Kandler  (1955)  has  stated  that  10-1  M  fluoride  inhibits  respiration  in 
Chlorella  pyrenoidosa  by  25  per  cent,  and  Holzer  (1954)  has  reported 
the  rate  of  respiration  in  this  species  to  be  reduced  by  50  per  cent  with 
3  x  10'2  M  fluoride.  McNulty  and  Lords  (1960)  have  also  reported 
that  high  concentrations  of  fluoride  were  inhibitory,  but  lower  levels  stimu¬ 
lated  oxygen  uptake.  The  inhibitory  concentration  reported  was  10'2  M 
which  produced  approximately  70  per  cent  reduction  of  the  normal  respira¬ 
tion  rate. 

Very  little  information  is  available  as  to  the  effect  of  fluoride  on  growth 
of  Chlorella  pyrenoidosa;  however,  Nickerson  and  Chung  (1952)  found 
that  inhibition  of  yeast  growth  was  proportional  to  the  square  root  of  the 
fluoride  concentration  over  a  range  from  5  x  10'4  M  to  10'1  M.  Accord¬ 
ing  to  these  investigators,  cells  grown  in  the  presence  of  10"2  M  fluoride 
showed  growth  inhibition  of  90  per  cent. 

Krauss  and  Galloway  (1959)  studied  the  mechanism  of  the  action  of 
polymyxjn-B  on  cell  growth  and  development  in  Chlorella  and  Scenedes- 
mus,  and  found  that  an  alternate  pathway,  referred  to  as  the  “galactose 
by-way,”  comes  into  play  while  glycolysis  is  blocked.  These  investiga¬ 
tors  stated  that  this  particular  antimetabolite  inhibited  phosphoglucomu- 
tase  activity. 

Glucose 


Glucose-6-phosphate 
Glucose- 1  -phosphate 

I 

Galactose- 1  -phosphate 
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Galactose-6-phosphate 

l 

T  agatose-6-phosphate 

l 

T  agatose- 1  -6-phosphate 

i 

Glyceraldehyde-3-phosphate 

+ 

Dihydroxyacetone  phasphate 

Sequence  of  Hexose  Intermediates  in  the  Galactose  ‘‘By-way”  as  sug¬ 
gested  by  Krauss  and  Galloway  (1959). 

APPARATUS  AND  EXPERIMENTAL  PROCEDURE 

Chlorella  pyrenoidosa,  Emerson’s  low  temperature  strain,  obtained  from 
Robert  W.  Krauss,  University  of  Maryland,  was  grown  in  a  modified 
Knop’s  medium  (Sorokin  and  Meyers,  1957)  at  26  ±  1°  C,  and  at  a  pH 
of  6.8.  The  cultures  were  continually  aerated  with  air  enriched  to  approxi¬ 
mately  one  percent  CO.  in  nephfluoroculture  flasks.  Illumination  was 
provided  by  daylight  type  fluorescent  tubes,  which  gave  an  unilateral 
lighting  of  305  foot-candles. 

Growth  Measurements 

The  starter  cultures  were  synchronized  by  six  alternate  periods  of  nine 
light  hours  and  fifteen  dark  hours  (Sorokin  and  Krauss,  1959).  This 
treatment  yielded  cultures  in  which  all  cells  were  the  same  age.  When 
illuminated,  cells  of  such  an  algal  suspension  start  growing  simultaneously. 
These  cells  used  for  inoculation  were  harvested  after  at  least  three  hours 
of  light  and  resuspended  to  give  a  concentration  equivalent  to  4.6mg/ml. 
Optical  densities  were  measured  in  a  Bausch  and  Lomb  Spectronic  20 
Spectrophotometer  at  560  m/x  (Meyers,  1957). 

In  the  test  systems,  fluoride  was  adjusted  to  the  desired  molarity  by 
addition  of  aliquots  of  a  1  M  fluoride  stock  solution  to  the  suspending 
medium.  Inoculation  was  with  1  ml  of  the  adjusted  cell  suspension. 
In  certain  cases,  26.0  mg  of  glucose-l-phosphate  was  added  to  the  cul¬ 
ture  ten  minutes  after  inoculation  to  yield  10"3  M.  The  volumes  of  the 
systems  were  kept  constant  at  100  ml  throughout  the  testing  periods. 
All  systems  were  grown  under  the  conditions  stated  in  the  first  paragraph. 


Effects  of  Fluoride  on  Growing  Cultures 

The  comparative  growth  of  Chlorella  pyrenoidosa  in  the  presence  of 
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various  concentrations  of  fluoride  is  illustrated  in  Figure  2.  In  the  sec¬ 
ond  and  third  24  hour  periods  of  growth,  there  was  an  inhibitory  effect 
upon  the  growth  of  Chlorella  pyrenoidosa.  The  greatest  levels  of  inhibi¬ 
tion  occurred  in  the  10"2  M  and  10"3  M  concentrations  of  sodium  fluoride. 
The  comparative  rates  (by  percentage)  of  inhibition  are  shown  in  Table 
I.  In  column  3  of  this  table,  the  percentage  of  inhibition  occurring  in 
the  second  day  were  37  per  cent  at  the  10-4  M  fluoride  level,  45  per 
cent  at  10"3  M  level,  93  per  cent  at  the  10"2  M  level,  and  99  per  cent 
for  the  10"1  M  concentration.  The  total  percentages  of  inhibition  in  vari¬ 
ous  concentrations  of  fluoride  over  a  72  hour  period  were  19  per  cent  in 
both  the  10'4  M  and  10"3  M  concentrations,  86  per  cent  at  the  10"2  M 
level,  and  98  per  cent  at  the  10"1  M  level. 

Table  I 

Mean  Optical  Densities  of  growing  cultures  of  C.  pyrenoidosa  at  24- 
hour  intervals  in  the  presence  of  various  concentrations  of  Sodium  Fluoride 
and  Glucose-l-Phosphate. 


Molar 

Molar 

Cone. 

Cone. 

Optical 

Density 

Naf 

G-l-P 

Ini. 

day  1 

day  2 

day  3 

0 

0 

.021 

.036 

.129 

.399 

io-4 

0 

.020 

.029 

.087 

.330 

10"3 

0 

.020 

.025 

.077 

.330 

IO"2 

0 

.019 

.022 

.029 

.074 

10'2 

10-3 

.021 

.029 

.060 

.168 

10-1 

0 

.017 

.016 

.017 

.017 

10"1 

10-3 

.016 

.016 

.015 

.014 

Cultures  were  grown  at  26 °C  in  modified  knops  solution,  pH  6.8  with 
unilateral  lighting  of  305  foot-candles  and  were  aerated  with  1%  CO. 
enriched  air.  O.D.’s  were  taken  in  a  B&L  Spectronic  20  spectrophoto¬ 
meter  at  560  mu. 

Effects  of  Glucose-1 -phosphate  on  Fluoride  Inhibition 

Figure  2  shows  the  reversal  of  growth  inhibition  by  the  introduction 
of  glucose-l-phosphate  into  the  medium.  Inhibition  caused  by  the  10'2 
M  fluoride  was  reversed  35  per  cent  with  a  10"3  M  concentration  of 
glucose  1 -phosphate.  There  was  no  reversal  at  the  10_1  M  fluoride  level. 
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DISCUSSION 

In  light  of  the  conflicting  reports  on  the  effects  of  fluoride  on  respira¬ 
tion  in  Chlorella  pyrenoidosa  which  may  possibly  have  arisen  because 
of  the  existence  of  several  physiological  strains  of  this  species  or  the  use 
of  dissimilar  experimental  conditions,  further  research  is  also  needed  here. 

Krauss  and  Galloway  (1959)  have  established  the  existence  of  a  galac¬ 
tose  “by-way”  in  Chlorella  pyrenoidosa  which  is  activated  during  polymy¬ 
xin  B  inhibition  of  glycolysis  at  the  phosphoglucomutase  site,  and  reversal 
of  this  inhibition  with  glucose-l-phosphate.  This  “by-way”  complements 
or  replaces  the  portion  of  glycolysis  which  precedes  the  formation  of  di¬ 
hydroxy-acetone  phosphate  and  glyceraldehyde-3-phosphate.  This  evi¬ 
dence,  and  the  finding  by  this  study,  that  glucose-l-phosphate  affects 
Chlorella  in  the  presence  of  growth  inhibiting  concentrations  of  fluoride, 
indicate  that  further  research  should  be  initiated  to  establish  whether  or 
not  fluoride  has  any  inhibiting  effects  at  the  site  of  phosphoglucomutase 
activity  in  Chlorella.  A  study  should  also  be  made  to  establish  the  actual 
pathway  of  glucose-1  phosphate  oxidation  at  the  time  of  fluoride  induced 
inhibition. 


CONCLUSIONS 

Fluoride  does  cause  growth  inhibition  in  cultures  of  Chlorella  pyrenoi¬ 
dosa.  The  antimetabolite  has  its  greatest  effect  at  concentrations  greater 
than  10~3  M.  No  proportionality  can  be  established  between  the  concen¬ 
trations  of  fluoride  and  the  percentages  of  inhibition  occurring  at  these 
concentrations.  A  10"3  M  concentration  of  glucose-l-phosphate  is  effec¬ 
tive  in  the  reversal  of  fluoride  caused  inhibition  although  no  reversal  was 
demonstrated  in  the  presence  of  10-1  M  fluoride. 
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Hours 

FIGURE  1 

The  Effect  of  Fluoride  on  the  Growth 
of  Chlorella  pyrenoidosa 

Experimental  data  obtained  from  synchronized  cultures  in  the  presence 
of  various  concentrations  of  sodium  fluoride  under  identical  experimental 
conditions. 
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Hours 
FIGURE  2 

The  Effect  of  G-l-P  on  Fluoride  Inhibition 
of  Chlorella  pyrenoidosa  Growth 

Data  obtained  from  cultures  grown  in  the  presence  of  10'1  M  and  10~2  M 
fluoride  and  with  the  addition  of  G-l-P. 
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ON  Ankyrodrilus,  A  NEW  GENUS  OF  BRANCHIOBDELLID 
WORMS  (Annelida) 

Perry  C.  Holt 
Department  of  Biology 
Virginia  Polytechnic  Institute 
Blacksburg 

Received  for  publication  July  3,  1964 

In  the  course  of  my  studies  of  the  branchiobdellids  of  North  America, 
it  has  become  evident  that  certain  materials  previously  considered  as  rep¬ 
resentative  of  species  of  Xironodrilus  Ellis,  1919,  (Holt,  1951)  cannot 
be  assigned  to  this  genus.  It  seems  fitting,  therefore,  since  the  new 
species  involved  will  be  mentioned  in  a  forthcoming  paper  on  the  cray¬ 
fishes  and  their  commensals  of  the  Mountain  Lake  region  of  Virginia, 
to  erect  a  new  genus  for  these  species  and  present  diagnoses  of  them. 

In  order  to  prepare  the  way  for  the  treatment  which  follows  of  the 
proposed  new  genus,  brief  references  to  the  genera  Xironodrilus  and 
Xironogiton  Ellis,  1919,  are  necessary. 

The  distinguishing  characteristics  of  the  genus  Xironodrilus,  as  diag¬ 
nosed  by  Ellis  (1919),  are  the  depressed  body  form,  the  straight  gut 
with  enlargements  in  segments  III  and  IV,  nine  segments  visible  in  dorsal 
view,  glandular  disks  on  the  lateroventral  margins  of  segments  VIII  and 
IX,  and  the  opening  of  the  anterior  nephrida  by  separate  pores  on  the 
dorsum  of  segment  III.  Other  features  mentioned  by  Ellis  are  either 
common  to  several  genera  of  the  branchiobdellids  or  of  doubtful  taxon¬ 
omic  utility.  The  other,  mostly  brief,  published  references  to  Xironodrilus 
add  nothing  pertinent  to  the  present  discussion.  My  unpublished  disserta¬ 
tion  (Holt,  1951),  however,  treated  the  type  species,  X.  formosus  Ellis, 
1919,  and  the  other  species  at  that  time  assigned  to  the  genus,  in  some 
detail.  In  particular,  the  reproductive  systems  were  described  at  length 
and  the  position  adopted  in  this  paper  is  based  upon  inter-species  varia¬ 
tion  in  these  systems. 

The  genus  Xironogiton  was  established  by  Ellis  (1919)  on  the  basis 
of,  among  other  characters:  the  presence  of  an  “accessory  sperm  tube”, 
the  reduction  of  segment  IX  so  that  in  dorsal  view  the  body  appears  to 
be  composed  of  eight  or  fewer  segments,  a  “loop”,  or  ‘'loops”,  of  the 
gut  in  segment  VII  with  its  maximum  enlargement  in  segment  V,  and  a 
depressed  and  laterally  expanded  condition  of  segments  V  through  VIII 
which  confers  a  “tennis  racket”  shape  upon  the  body.  The  nephridial 
openings  are  as  in  Xironodrilus.  I  studied  the  reproductive  systems  of 
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Xironogiton  instabilius  (Moore,  1894)  and  pointed  out  that  this  species 
does  not  have  an  accessory  sperm  tube  (Holt,  1949).  It  does,  however, 
show  certain  affinities  with  the  species  included  in  the  new  genus  pro¬ 
posed  here. 

The  materials  were  handled  by  methods  that  have  been  previously 
described  (Holt,  1960a),  except  that  most  of  the  animals  were  collected 
in  70%  alcohol  instead  of  alcohol-formalin.  My  catalog  numbers  for  col¬ 
lections  are  indicated  by  the  initials  PCH. 

Acknowledgements.  —  Part  of  the  material  included  herein  is  taken 
from  a  thesis  submitted  to  the  Graduate  Faculty  of  the  University  of  Vir¬ 
ginia  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor 
of  Philosophy.  Later  studies  have  been  supported  by  grants  from  the 
National  Science  Foundation  (NSF  G-4439,  G-9828,  and  GB-372).  I 
am  indebted  to  Dr.  Horton  H.  Hobbs,  Jr.,  not  only  for  guidance  in  the 
early  stages  of  my  studies  of  the  branchiobdellids,  but  for  continuing 
encouragement  and  the  identification  of  all  host  cryfish. 

Genus  Ankyrodrilus*,  n.  gen. 

Type-species  —  Ankyrodrilus  koronaeus,  n.  sp.,  here  designated. 

Diagnosis  —  Branchiobdellid  worms  with  two  pairs  of  testes;  paired 
nephridiopores  on  the  dorsum  of  segment  III;  at  least  nine  distinct  seg¬ 
ments  visible  in  dorsal  view;  gut  straight,  with  sacculations  in  segments 
II,  III,  IV,  those  of  segments  III  and  IV  the  larger;  aggregations  of 
gland  calls  present  in  lateral  portions  of  segments  VIII  and  IX;  caudal 
sucker  ventral;  body  depressed  and  tapering  gradually  from  anterior  end 
to  its  greatest  width  in  segment  VI,  VII,  or  VIII;  spermiducal  gland 
large,  with  blindly  ending  bifurcated  proximal  portion,  vasa  deferentia 
entering  the  median  portion  of  the  organ;  bursa  constricted  between 
atrial  and  penial  sheath  portions,  giving  to  organ  as  a  whole  a  redup¬ 
licated  aspect;  ejaculatory  duct  absent;  spermatheca  composed  of  ectal 
duct,  bulb,  and  ental  process. 

Distribution  and  affinities.  —  The  distribution  of  the  genus  Ankyrodrilus 
is  presented  below  for  the  included  species.  Available  information  indi¬ 
cates  that  this  genus  is  composed  of  disjunct  populations  found  in  the 
southern  portions  of  the  Interior  Plateau  and  Valley  and  Ridge  physio¬ 
graphic  regions  of  the  Southeastern  United  States. 

As  is  apparent  from  the  discussion  above  of  Xironodrilus  and  Xironogit¬ 
on,  these  two  genera  include  the  closest  known  relatives  of  Ankyrodrilus. 


1  From  ankyra,  Gr„  anchor,  and  drilos,  Gr.f  penis,  by  extension,  worm;  anchorworm  from 
the  anchor-shaped  ental  end  of  the  spermiducal  gland;  of  masculine  gender. 
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The  only  really  diagnostic  characters  mentioned  by  Ellis  (1919)  which 
separate  the  former  two  genera  are  the  greater  number  of  segments 
incorporated  into  the  ventral  sucker  and  the  “looped”  gut  of  Xironogiton 
as  opposed  to  the  greater  number  of  apparent  body  segments  and  the 
straight  gut  with  anterior  sacculations  in  Xironodrilus.  (In  these  respects, 
Ankyrodrilus  cannot  be  separated  from  Xironodrilus).  My  unpublished 
data,  however,  clearly  separate  these  genera  on  the  basis  of  differences 
in  the  reproductive  systems  and  I  have  previously  described,  —  a  descrip¬ 
tion  which  I  now  know  is  applicable  to  all  members  of  this  genus,  —  the 
reproductive  system  of  Xironogiton  instabilius  (Holt,  1949).  Ankyrodrilus 
differs  from  Xironogiton:  (1)  in  the  greatly  elongated  and  expanded 
penial  sheath  of  Ankyrodrilus  as  opposed  to  the  shorter,  thicker  walled, 
and  asymmetrical  bursa  of  Xironogiton  (Holt,  1949);  (2)  in  the  proxi¬ 
mal  bifurcation  of  the  spermiducal  gland  of  Ankyrodrilus;  from  Xironod¬ 
rilus  (1)  in  the  position  of  the  points  of  entry  of  the  vasa  deferentia 
into  the  spermiducal  gland,  ental  in  Xironodrilus  (Holt,  1951),  and  along 
the  midlength  of  the  gland  in  Ankyrodrilus ;  and  (2)  in  the  greatly  de¬ 
veloped  bursa  of  the  latter  as  opposed  to  a  small,  spherical  one  in 
Xironodrilus. 

Ankyrodrilus  koronaeus",  n.  sp. 

(Figs.  1,  4-14) 

Diagnosis.  —  Upper  jaw  with  three  large  teeth,  subequal  in  length; 
lower  jaw  convex,  rounded  at  tooth-bearing  border,  carrying  four  smtll, 
subequal  teeth. 

Description.  —  Ankyrodrilus  koronaeus  differs  from  the  new  species 
described  below  in  the  form  and  dentition  of  the  jaws.  There  is  little 
variation  in  the  shape  of  the  jaws  and  the  arrangement  of  the  teeth; 
occasionally  the  upper  jaw  has  a  smaller  extra  tooth  to  the  side,  but  this 
never  obscures  the  very  characteristic  shape  of  this  jaw.  The  same  remark 
applies  to  the  lower  jaw.  A  detailed  description  of  the  anatomy  of  A. 
koronaeus  is  given  below  as  representative  of  the  genus  as  presently  known. 

Type-locality.  —  Roanoke  River,  4.5  miles  east  of  Blacksburg,  Mont¬ 
gomery  County,  Virginia.  July  4,  1949.  H.  H.  Hobbs,  Jr.  (PCH  240d). 
Hosts:  Cambarus  bartoni  bartoni ,  Cambarus  montanus  acuminatus. 

Disposition  of  types.  —  The  holotype,  U.  S.  National  Museum  No. 
30874  and  six  paratypes,  U.  S.  National  Museum  No.  36875  are  deposited 
in  the  United  States  National  Museum.  Two  paratypes  are  retained  in 
my  collection  (PCH  240d). 

Distribution.  —  In  addition  to  the  type  locality,  A.  koronaeus  is  known 


2  koronaeus,  a  latinized  anagram  of  Roanoke;  named  for  the  Roanoke  River. 
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from  thirty-two  other  collections  from  streams  of  the  Roanoke,  James 
and  New  River  drainage  systems  in  the  counties  of  Montgomery,  Giles, 
Craig  and  Botetourt,  Virginia.  Hundreds  of  specimens  are  included  in 
these  collections  and  a  detailed  report  on  them  will  be  included  in  the 
forthcoming  paper  mentioned  above  (Hobbs,  Walton  and  Holt). 

Ankyrodrilus  legaeus3,  n.  sp. 

(Figs.  2-3) 

Diagnosis.  —  Upper  jaw  with  five  teeth;  lower  jaw  with  four-five  teeth; 
teeth  of  upper  jaw  of  unequal  length,  lateral  teeth  and  median  teeth 
shorter  than  others;  lateral  teeth  of  lower  jaw  longer  than  median  teeth. 

Description.  —  There  appears  to  be  little  variation  in  the  structure  of 
the  jaws  and  the  dentition  of  this  species;  features  that  readily  distinguish 
it  from  A.  koronaeus.  In  other  respects  A.  legaeus  is  very  similar  to  its 
congener. 

Type-locality.  —  Four  miles  east  of  Ewing,  Lee  County,  Virginia.  Aug¬ 
ust  18,  1948.  J.  T.  Wheeler.  Host:  Cambams  sp.  (PCH  139). 

Disposition  of  types.  —  The  holotype,  U.  S.  Nat.  Mus.  No.  30872  and 
four  paratypes,  U.  S.  Nat.  Mus.  No.  30873  are  deposited  in  the  United 
States  National  Museum  Three  paratypes  (PCH  139)  are  retained  in 
my  collection. 

Distribution.  —  In  addition  to  the  type  locality,  A.  legaeus  is  known 
from  the  following  localities:  TENNESSEE:  Overton  County.  Holt 
Spring  Branch,  tributary  to  Eagle  Creek,  approximately  four  miles  north¬ 
east  of  Livingston.  November  8,  1946,  and  subsequent  dates.  P.  C. 
Holt.  Host:  Cambarus  tenebrosus.  (PCH  13,  29,  59,  60,  61,  264,  680). 
VIRGINIA:  Giles  County.  Wolf  Creek  on  Route  61  at  city  limits  of 
Narrows.  June  18,  1961.  H.  H.  Hobbs,  Jr.  Host:  Cambarus  bartonii 
bartonii.  (PCH  1442).  Lee  County.  Tributary  of  Powell  River,  four 
miles  west  of  Ewing.  August  24,  1948.  J.  T.  Wheeler.  Hosts:  Cam¬ 
barus  sp.,  Cambarus  parvoculus.  (PCH  140).  Eleven  miles  west  of 
Jonesville  on  State  Route  58.  June  16,  1950.  H.  H.  Hobbs,  Jr.  and 
C.  W.  Hart,  Jr.  Hosts:  Cambarus  sp.,  C.  parvoculus,  C.  longulus  longi- 
rostris,  C.  carolinus.  (PCH  371  and  372).  Straight  Creek  at  Pennington 
Gap  on  State  Route  70.  June  17,  1950.  Hobbs  and  Hart.  Cambarus 
sp.,  Orconectes  rusticus  forceps.  (PCH  373).  Three  miles  north  of 
Pennington  Gap  on  State  Route  70.  June  17,  1950.  Hobbs  and  Hart. 
Host:  Cambarus  sp.  (PCH  374).  One  mile  north  of  Gaylor  on  Dry  Run. 
September  3,  1951.  Hobbs.  Hosts:  Cambarus  bartoni  subsp.,  C.  par¬ 
voculus.  (PCH  530).  Pulaski  County.  Intersection  of  Routes  738  and 


8  legaeus,  a  latinized  anagram  of  eagle,  for  Eagle  Creek,  Overton  County,  Tennessee. 
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640  at  confluence  of  Track  Fork  and  Big  Shuffle  Branch  to  form  Peak 
Creek.  July  6,  1962.  J.  E.  Carico  and  E.  P.  McConnell.  Host:  Cam- 
barns  hartonii  hartonii.  (PCH  1557) 

Remarks  on  the  anatomy  of  Ankyrodrilus 

The  description  of  A.  koronaeus  which  follows  is  taken  with  only  minor 
revisions  from  my  unpublished  dissertation  (Holt,  1951)  and,  since  it  is 
based  on  a  good  series  of  serially  sectioned  animals,  the  opportunity  is 
taken  here  to  describe  in  some  detail  features  of  general  anatomical  and 
histological  interest  in  the  study  of  the  branchiobdellids.  As  determined 
by  a  study  of  whole  mounts,  these  data  apply  also  to  A.  legaeus. 

Both  transverse  and  longitudinal  sections,  prepared  by  the  usual  paraf¬ 
fin  embedding  method  and  stained  with  Delafield’s  hematoxylin,  counter 
stained  with  eosin,  as  well  as  a  large  series  of  whole  mounts,  were  used 
in  this  study. 

The  body  form  of  the  members  of  the  genus  Ankurodrilus  is  similar 
to  that  of  species  of  Xironodrilus.  The  head  is  very  slightly  less  in  diam¬ 
eter  than  segment  I;  the  sucker  is  somewhat  greater  in  diameter  than 
either  the  head  or  segment  I.  The  peristomium  in  both  species  is  set 
off  from  the  remainder  of  the  head  by  a  sulcus  and  is  distinctly  less  in 
diameter.  It  is  divided  into  upper  and  lower  lips  without  lobes  or  ten¬ 
tacles,  although  occasionally  the  lower  lip  of  A.  legaeus  may  have  a  median 
emargination.  The  maximum  body  width  is  usually  in  segment  VII.  As 
an  indication  of  size,  the  following  measurements  of  four  mature  individuals 
of  A.  koronaeus  mounted  entire  is  presented:  total  length,  1.99-2.72  mm. 
(average  2.49  mm):  maximum  width,  0.59-0.80  mm.  (average  0.69  mm); 
head  width,  0.27-0.36  mm.  (average  0.32  mm.);  segment  1,  diameter , 
0.28-0.35  mm.  (average,  0.33  mm.);  sucker  diameter,  0.25-043  mm  (aver¬ 
age,  0.35  mm.).  Specimens  of  A.  legaeus  are  of  comparable  size. 

The  segments  are  clearly  distinct  and  the  major  annulations  of  the  seg¬ 
ments  are  of  greater  diameter  than  the  minor  ones  (fig.  6);  but  super¬ 
numerary  muscles  of  the  major  annulations  which  account  for  the  raised 
condition  of  these  annulations  in  Ellisodrilus  durhini  (Ellis)  (Holt,  1960b) 
are  absent.  The  differences  in  diameter  of  the  major  and  minor  annula¬ 
tions  in  A.  koronaeus  are  produced  by  minute  attachments  of  the  strongly 
developed  longitudinal  muscles  to  the  inner  edge  of  the  sulci  delimiting 
the  annulations  of  a  segment. 

Franzen  (1962)  has  recently  pointed  out  that  the  muscle  cells  of  Xirono- 
giton  instahilius  are  “hirudinean’  ’in  character  rather  than  like  those  of 
the  oligochaetes  as  Schmidt  (1903)  thought.  Franzen’s  remarks  apply 
in  general,  to  all  the  branchiobdellids,  so  far  as  I  know,  and  certainly 
to  the  North  American  members  of  the  group,  including  Ankyrodrilus 
koronaeus  and  A.  legaeus. 
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The  anterior  nephridiopores  can  be  recognized  in  serial  sections  as  very 
minute  paired  openings  in  the  body  wall  located  dorsolaterally  on  seg¬ 
ment  III.  The  outlet  ducts  of  the  nephridia  can  be  traced  in  whole 
mounts  to  this  location,  but  the  actual  openings  cannot  be  seen. 


An  opportunity  to  study  in  sections  the  so-called  lateral  disks  or  cups 
of  segments  VIII  and  IX  which  apparently  are  identical  to  those  de¬ 
scribed  for  Xironodrilus  formosus  (Ellis,  1919)  confirm  the  opinion  al¬ 
ready  formed  from  the  study  of  whole  mounts  of  specimens  of  species 
of  Xironodrilus  that  these  structures  are  not  depressions  as  Ellis  thought, 
but  ovate  aggregations  of  gland  cells  that  open  on  the  lateral  margins 
of  the  segments  mentioned.  These  gland  cells  are  distinct  from  the 
gland  cells  of  the  epidermis  of  the  body  wall  and  the  clitellar  region 
and  the  multicellular  glands  that  open  in  the  anal  and  sucker  region. 
They  are  very  narrow  cells  with  a  minute  amount  of  protoplasm,  and 
a  nucleus  at  the  inner  proximal  end  and  elongated  distal  ductules.  The 
ductules  are  filled  with  granules  of  secreted  material  and  open  in  a 
group  onto  the  lateral  margins  of  the  laterally  expanded  segments  VIII 
and  IX.  The  lateral  location  of  thees  glands  reminds  one  of  the  lateral 
glands  of  Bdellodrilus  illuminatus  (Moore,  1895),  but  there  is  little  in 
their  finer  structures  to  indicate  a  relationship  with  these  glands  of  the 
later  species. 


The  jaws  of  the  species  of  Ankyrodrilus  show  little  or  no  intra-species 
variation.  In  A.  koronaeus,  the  median  tooth  of  the  three  teeth  of  the 
upper  jaw  (fig.  5)  is  shorter  than  the  lateral  ones,  but  the  convexity  of 
the  jaw  is  such  that  the  points  of  the  teeth  form  an  essentially  straight 
line.  The  lower  jaw  (fig.  4)  has  teeth  that  are  subequal  in  length, 
though  the  convexity  of  the  jaw  causes  the  middle  ones  to  project  beyond 
the  two  lateral  teeth.  In  A.  legaeus,  the  upper  jaw  has  five  teeth  that 
are  of  unequal  length:  the  lateralmost  and  the  median  teeth  are  shorter 
than  the  other  two.  The  lower  jaw  of  this  species  bears  normally  four 
teeth,  exceptionally  five,  of  which  the  lateralmost  are  the  longer.  These 
differences  are  constant  and  readily  apparent.  The  individual  variations 
I  have  seen,  quite  a  few  in  many  specimens,  never  obscure  the  basic 
differences  in  jaw  shape  and  dentition  between  these  species. 

The  segmental  location  of  the  anus  in  the  bran  chi  obdellids  has  been 
in  dispute  (Moore,  1895;  Ellis,  1919).  An  effort  to  determine  the  loca¬ 
tion  of  the  anus  in  A.  koronaeus  was  made.  Externally  it  appears  to 
open  on  the  posterior  surface  of  segment  IX.  Internally,  the  septum 
separating  segments  VII  and  VIII  is  well  developed  and  a  less  definitely 
defined  septum,  consisting  mainly  of  two  layers  of  peritoneum,  separates 
segments  VIII  and  IX.  There  is  no  intersegmental  septum  9/10;  instead, 
the  longitudinal  muscles  that  go  into  the  formation  of  the  sucker  here 
become  evident  as  strands  that  cross  the  coelom  and  more  posteriorly  fill, 
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along  with  the  acetabular  glands,  the  body  cavity.  The  thin  septum 
8/9  meets  the  rectum  dorsally  only  a  very  short  distance  anterior  to  the 
anus.  The  anus  of  A.  koronaeus  opens,  then,  on  the  dorsum  of  segment 
IX,  as  does  that  of  Xironodrilus  pulcherrimus  (Moore,  1894)  and  X.  formo- 
sus  (Holt,  1951)  in  spite  of  Ellis'  (1919)  belief  that  the  anus  of  the 
latter  species  opens  at  the  intersegmental  furrow  between  segments  IX 
and  X.  There  are  no  loops  of  the  rectum  in  A.  koronaeus  and  the  rectal 
portion  of  the  gut  lies  anterior  to  the  anus,  contrary  to  the  condition 
that  Ellis  (1919)  described  in  X.  formosus . 

Male  reproductive  system.  —  The  testicular  segments  are  tightly  packed 
with  spermatocytes  and  spermatozoa  and  there  is  nothing  of  unusual  inter¬ 
est  in  reference  to  the  testes. 

Located  in  the  usual  position,  posterio-laterally  in  segments  V  and  VI, 
the  male  funnels  (figs.  1  and  8)  are  prominent,  elongate,  funnel  shaped 
structures  with  the  open  ends  only  slightly  flared.  They  range  in  the 
specimens  measured  from  61.1  to  73.4  microns  in  length  (average  66.0 
microns).  A  funnel  (fig.  8)  is  composed  of  a  single  layer  of  epithelial 
cells  with  indistinct  cell  boundaries  and  at  its  fundus  where  the  peritoneal 
covering  of  the  efferent  duct  ends  there  is  a  widening  of  the  lumen. 
Except  for  the  slightly  larger  average  size  of  the  funnels  of  this  species, 
they  closely  resemble  those  of  Xironogiton  instabilius  (Holt,  1949).  They 
differ  from  those  of  the  latter  species  mainly  in  shape,  not  being  so  dis¬ 
tinctly  campanulate. 

The  efferent  ducts  (figs.  1  and  13)  are  ensheathed  by  the  peritoneum, 
as  is  true  of  other  branchiobdellids  (Holt,  1949),  but  this  covering  is 
more  easily  detected  in  A.  koronaeus  than  is  usual.  The  course  of  the 
efferent  ducts  are  indicated  in  figure  1  and  it  is  only  necessary  to  call 
attention  to  the  fact  that  there  is  no  connection  of  the  posterior  pair 
with  septum  6/7  and  that  they  pierce  the  peritoneum  of  the  ventral  body 
wall  and  unite  under  the  nerve  cord  close  to  the  bursa  to  form  the 
posterior  vas  deferens.  The  anterior  pair  of  efferent  ducts  pierce  the 
peritoneum  at  the  point  where  they  pass  through  septum  5/6  at  the  ven- 
tro-lateral  margin  of  the  coelom  in  segment  V.  In  size  the  ducts  of  this 
species  are  rather  large,  ranging  from  14.7-21.2  microns  (average  18.3 
microns)  in  diameter. 

The  vasa  deferentia  are  remarkable  for  their  shortness  and  the  fact  that 
they  hardly  equal  in  diameter  that  of  the  parts  of  the  efferent  ducts  that 
ere  free  in  the  coelom,  ranging  from  14.7-19.6  microns  (average  17.3 
microns)  in  diameter.  They  do  not  appear  to  differ  histologically  from 
the  efferent  ducts.  They  enter  the  spermiducal  gland  near  its  mid-length, 
just  posterior  to  the  bursa.  The  anterior  one  enters  laterad  and  farther 
from  the  ectal  end  of  the  spermiducal  gland  than  does  the  posterior  one. 
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The  spermiducal  gland  of  the  genus  Ankyrodrilus  is  a  conspicuously 
large  organ  of  a  most  unusual  shape  (fig.  1).  It  is  approximately  equal 
to  the  width  of  the  segment  in  length  and  either  lies  transversely  in  seg¬ 
ment  VI  or,  if  disposed  longitudinally,  is  bent  upon  itself.  The  ental 
end  is  peculiar  in  being  roughly  T-shaped,  with  the  cross  of  the  “T” 
composed  of  the  same  glandular  epithelium  as  the  rest  of  the  organ  and 
differing  only  in  that  the  extreme  ends  of  the  organ  are  capped  by 
flattened  cells  resembling  somewhat  the  bulbular  ental  end  of  the  pro¬ 
state  gland  in  some  species  of  the  genus  Cambarincola  (Holt,  1949; 
Hoffman,  1963)  and  other  branchiobdellids  (Holt,  1960a,  1960b).  There 
are  no  apparent  differences  in  the  staining  reactions  of  the  different  regions 
of  the  spermiducal  gland  as  there  are  in  Xironogiton  instabilius  (Holt, 
1949),  but  the  spermiducal  gland  of  A.  koronaeus  differs  from  that  of 
X.  instabilius  in  die  apparent  absence  of  a  covering  layer  of  muscle:  no 
muscle  elements  were  found  in  the  peritoneal  covering  of  the  gland  (fig. 
10).  An  idea  of  the  size  of  the  spermiducal  gland  is  given  by  measure¬ 
ments  of  the  greatest  diameter  which  ranges  from  47  to  82  microns  in 
seven  specimens  (average  69  microns). 

An  ejaculatory  duct,  as  I  have  defined  this  structure  elsewhere  (Holt, 
1949,  1960a),  is  absent  in  A.  koronaeus  and  its  congener. 

The  bursa  and  penis  of  the  species  of  Ankyrodrilus  are  most  unusual, 
perhaps  even  more  distinctive  of  the  genus  than  the  specializations  of 
the  spermiducal  gland.  The  branchiobdellid  bursa  consists  of  an  ectal 
atrium  and  an  ental  penial  sheath  enclosing  the  penis,  which  is  a  pro- 
trusible  cone  in  some  genera,  an  eversible  tube  in  others  (Holt,  1960a). 
In  the  absence  of  observations  of  the  everted  bursa  and  its  actual  func¬ 
tioning,  the  interpretation  of  the  bursal  complex  of  Ankyrodrilus  is  diffi¬ 
cult.  Ectally  there  is  an  approximately  spherical  region  (figs.  1  and  9) 
which  appears  to  be  homologous  with  the  atrial  region  of  other  genera. 
In  genera  with  an  eversible  bursa  there  is  an  inwardly  projecting  fold 
of  the  atrial  region  which  forms  the  rim  of  the  everted  cup-like  bursa. 
In  the  species  of  Ankyrodrilus,  this  atrial  fold  has  the  appearance  of  a 
protrusible  penis  (fig.  9)  and  may  actually  function  as  such.  Entad 
to  this  portion  the  bursa  is  an  elongated  and  often  expanded  muscular 
sac  carrying  at  its  junction  with  the  spermiducal  gland  another  penis¬ 
like  projection.  This  projection  appears  to  be  homologous  with  the  penis 
of  other  branchiobdellids.  But,  it  is  far  from  clear  that  it  functions  as 
such.  A  study  of  the  complex  outer  longitudinal  (in  reference  to  the 
organ)  and  inner  circular  muscles  of  the  inner  part  of  the  bursa  sug¬ 
gests  that  the  atrial  region  is  non-eversible  and  that  the  penial  sheath 
region  is  eversible.  In  this  case,  the  innermost  projection  (the  time  penis) 
would  be  carried  to  the  outside  as  a  protrusible  penis.  But,  on  the  other 
hand,  the  inner  portion  (penial  sheath)  of  the  bursa  may  serve  as  a 
‘‘pumping”  organ  with  the  outer  projection  (the  atrial  fold)  carried  to 
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the  outside  as  a  functional  penis  by  the  eversion  of  the  atrial  region. 
The  arrangement  of  the  musculature  of  the  bursa  (fig.  7  and  9)  is  per¬ 
haps  consonant  with  either  interpretation.  In  any  case,  the  specializa¬ 
tions  of  the  male  efferent  apparatus  of  these  species  are  distinctive  and 
in  themselves  justify  the  erection  of  a  separate  genus  to  include  the 
species  possessing  them. 

Female  reproductive  system.  —  The  ovaries  form  paired  masses  located 
dorsoanteriorly  in  segment  VII  and  are  attached  to  the  posterior  face  of 
septum  6/7  at  each  dorsolateral  margin  by  a  muscular  pedicel  resembling 
those  of  Xironogiton  instabilius  (Holt,  1949).  The  oogonia  radiate  from 
this  point  of  attachment.  A  large  maturing  egg  is  usually  present,  filling 
most  of  the  coelomic  space  of  segment  VII.  The  vascular  loops  described 
by  Moore  (1895)  are  present,  passing  around  the  posterior  part  of  each 
ovary.  In  all  these  respects,  then,  the  ovaries  are  similar  to  those  of 
other  branchiobdellids. 

The  ovipores  (fig.  12)  resemble  in  all  respects  those  described  by 
Moore  (1895)  for  Bdellodrilus  illuminatus  and  B.  philadelphicus  (  =  Cam - 
barincola  philadelphica) ,  but  lack  the  cilia  reported  for  Xironogiton  insta¬ 
bilius  (Holt,  1949). 

The  spermatheca  (figs.  1,  11,  and  14)  of  Ankyrodrilus  koronaeus  and 
A.  legaeus  is  divided  into  three  sections.  The  ectal  spermathecal  duct 
(figs.  1  and  11)  is  subdivided  into  an  ectal  region  (fig.  11)  and  a  more 
ental  portion.  The  first  of  these  regions  corresponds  to  the  spermathecal 
bursa  known  for  some  species  (Holt,  1960a  and  unpublished  data).  The 
entad  region  of  the  spermathecal  duct  is  the  duct  proper.  It  is  lined 
with  a  glandular  epithelium  composed  of  long  cells  tapering  towards  the 
lumen  of  the  organ  (fig.  11).  Spermatozoa  are  not  found  in  this  region. 
The  spermathecal  bulb,  in  which  spermathozoa  are  stored,  is  in  its  his¬ 
tology  much  like  that  of  other  branchiobdellids  (fig.  14).  There  is  a 
narrowed  ental  process  of  the  spermatheca,  in  which  spermatozoa  are 
not  found,  but  differing  little  in  histology  from  the  bulb.  The  entire 
organ  is  invested  by  a  peritoneal  covering  and  a  thin  layer  of  muscles. 

Summary 

The  new  species,  Ankyrodrilus  koronaeus  and  A.  legaeus,  of  branchio- 
bdellid  worms  from  Virginia  and  Tennessee  are  described  and  the  new 
genus  Ankyrodrilus  erected  to  receive  them.  Ankyrodrilus  differs  from 
Xironogiton  in  the  bifurcated  spermiducal  gland  and  elongated  bursa  of 
Ankyrodrilus  as  opposed  to  the  tubular  spermiducal  gland  and  flattened, 
short  bursa  of  Xironogiton;  from  Xironodrilus  in  the  medial  points  of 
entry  of  the  deferent  ducts  into  the  spermiducal  gland  and  the  spheri¬ 
cal  bursa  of  Xironodrilus.  A  brief  description  of  the  anatomy  of  Anky¬ 
rodrilus  koronaeus  is  presented. 
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EXPLANATION  OF  FIGURES 

All  figures  were  drawn  with  the  aid  of  a  camera  lucida. 

Legend,  af ,  atrial  fold  of  bursa;  ba,  atrium  of  bursa;  cm,  circular 
muscles  of  bursa;  f,  male  funnel;  ed,  efferent  duct;  enp,  ental  process  of 
spermatheca;  Im,  longitudinal  muscles  of  bursa;  p,  penis;  ps,  penial  sheath 
of  bursa;  sb,  spermathecal  bulb;  sd,  ectal  duct  of  spermatheca;  sg,  spermi- 
ducal  gland. 

Fig.  1.  Ankyrodrilus  koronaeus,  ventral  view  of  reproductive  organs 
of  segments  V  and  VI. 

Figs.  2  &  3.  Ankyrodrilus  legaeus,  upper  and  lower  jaws,  respectively. 

Figs.  4  &  5.  A.  koronaeus ,  lower  and  upper  jaws,  respectively. 

Fig.  6.  A.  koronaeus,  ventral  view  of  animal. 


Figs.  7-14.  Ankyrodrilus  koronaeus,  histological  details  of  reproduc¬ 
tive  sysetms:  7,  detail  of  bursal  wall  in  longitudinal  section  showing 
arrangement  of  muscles;  8,  male  funnel  in  longitudinal  section;  9,  longitu¬ 
dinal  section  of  bursa;  10,  detail  of  histology  of  spermiducal  gland; 
11,  detail  of  ectal  duct  of  spermatheca  in  longitudinal  section;  12,  sec¬ 
tion  through  ovipore;  13,  cross  section  of  efferent  duct;  14,  detail  of 
wall  of  spermathecal  bulb  in  section. 
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DETERMINATION  OF  THE  PROTEIN  MOIETY  OF  THE 
LOW-DENSITY  LIPOPROTEINS  OF  HUMAN  SERUM 

Mary  C.  Thrift*  and  J.  C.  Forbes** 

Medical  College  of  Virginia ,  Richmond 

Received  for  publication  June  16,  1964 

Sakagami  and  Zilversmit  (1962)  showed  that  under  suitable  condi¬ 
tions,  lipoproteins  of  densities  less  than  1.063  were  quantitatively  pre¬ 
cipitated  from  dog  serum  by  addition  of  dextran  sulfate  and  calcium 
chloride.  The  purpose  of  the  present  investigation  was  to  develop  a 
method  for  the  determination  of  the  protein  moiety  of  this  low  density 
lipoprotein  fraction  of  human  serum.  This  was  part  of  an  extensive  study 
which  involves  the  determination  of  the  ratio  of  protein  to  the  other  con- 
stitutents,  namely  cholesterol,  triglycerides,  and  phospholipids. 

In  many  human  subjects  serum  cholesterol  increases  after  a  certain  age. 
The  additional  cholesterol  in  these  individuals  is  usually  found  in  the  low- 
density  lipoprotein  fraction.  The  high  density  lipoprotein  fraction  is  gen¬ 
erally  supposed  to  remain  quite  constant.  The  question  is  why  such 
changes  occur  and  what  is  the  significance.  There  is  reasonable  evidence 
that  the  blood  plasma  contains  a  low-density  lipoprotein  which  is  rela¬ 
tively  low  in  triglycerides  but  which  is  capable  of  combinging  with  tri¬ 
glycerides  and  thus  transports  them  from  the  liver  to  other  parts  of  the 
body,  such  as  adipose  tissue.  It  therefore  seems  desirable  to  study  more 
extensively  the  composition  of  the  low-density  lipoproteins  in  general. 

Method :  1  ml  of  serum  was  placed  in  each  of  several  thick-walled, 

glass-stoppered  12  ml  centrifuge  tubes.  The  low-density  lipoproteins  were 
precipitated  by  the  addition  of  0.04  ml  of  5%  solution  of  dextran  sul¬ 
fate1  and  0.1  ml  of  an  11.1%  solution  of  calcium  chloride.  The  con¬ 
tents  of  the  tubes  were  mixed  by  gentle  shaking.  The  tubes  were  stop¬ 
pered  and  refrigerated  overnight. 

The  tubes  were  removed  from  the  refrfgerator,  unstoppered,  and  cen- 
rtifuged  at  about  2,500  r.p.m.  for  30  minutes.  The  supernatant  fluid 
was  decanted  slowly,  care  being  taken  not  to  disturb  the  precipitate.  The 
tubes  were  inverted  on  filter  paper  and  allowed  to  drain  for  several  min- 
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utes.  The  greatest  portion  of  the  inside  of  each  tube  was  then  dried 
with  a  roll  of  filter  paper.  The  sides  of  each  tube  were  thoroughly 
washed  with  2  ml  of  0.9%  sodium  chloride,  in  which  the  precipitate 
was  dissolved.  Reprecipitation  was  effected  by  the  addition  of  0.08  ml 
of  the  dextran  sulfate  solution  and  0.2  ml  of  the  calcium  chloride  solu¬ 
tion,  The  contents  were  mixed  and  the  tubes  were  stoppered  and  refri¬ 
gerated.  Although  we  usually  allow  even  the  reprecipitated  solutions  to 
stand  overnight,  recent  studies  indicate  that  3  hours  standing  in  the  refri¬ 
gerator  is  probably  adequate  in  all  cases.  The  above  procedure  of  solu¬ 
tion  and  reprecipitation  was  repeated,  making  3  precipitations  in  all, 
thus  reducing  contamination  with  soluble  serum  proteins  to  a  minimum. 
The  final  precipitate  was  dissolved  in  2  ml  of  0.5N  sodium  hydroxide. 
A  standard  solution  containing  1  ml  of  a  crystalline  human  serum  al¬ 
bumin2  solution  (2mg  of  protein  per  ml)  plus  1  ml  of  the  0.5N  sodium 
hydroxide  was  prepared.  Two  ml  of  the  0.5N  sodium  hvdroxide  solu¬ 
tion  was  added  to  a  blank  tube.  To  each  of  the  above  tubes  was  added 
5  ml  of  the  biuret  reagent  described  by  Gornall,  et  al  (1949).  The 
tubes  were  placed  in  a  water  bath  at  50°  for  30  minutes  to  allow  com¬ 
plete  development  of  color.  The  solutions  were  cooled  in  ice  water  after 
removal  from  the  bath.  Three  ml  of  diethyl  ether  was  added  to  each 
tube,  the  tube  stoppered,  shaken  thoroughly,  then  centrifuged  at  about 
2,500  rp.rn.  for  30  minutes.  Insoluble  material  separated  out  at  the 
interface,  leaving  a  clear  infranatant  solution.  About  5  ml  of  this  solu¬ 
tion  was  removed  from  each  tube,  using  separate  pipets,  and  was  trans¬ 
ferred  to  colorimeter  tubes.  Readings  were  taken  in  a  Klett-Summerson 
photoelectric  colorimeter,  using  54  filter. 

The  reproducibility  of  the  results  is  shown  in  Table  1.  The  maximum 
difference  noted  between  different  determinations  on  the  same  serum  sam¬ 
ple  seldom  exceeded  5  per  cent.  This  has  been  confirmed  in  other  series 
of  analyses  not  presented  in  Table  1.  Experiments  in  which  1  or  2  ml 
of  the  same  serum  were  used  showed  results  in  agreement.  These  are 
recorded  in  Table  2.  When  2  ml  of  serum  was  used,  the  original  pre¬ 
cipitate  as  well  as  the  reprecipitated  material  was  dissolved  in  3  ml  of 
saline  instead  of  2  and  the  volume  of  the  precipitating  solutions  increased 
correspondingly. 

The  importance  of  washing  the  sides  of  the  tube  with  the  saline  solu¬ 
tion  used  for  dissolving  the  lipoprotein  precipitate  cannot  be  overem¬ 
phasized.  A  minimum  of  2  ml  is  advisable  for  this.  When  human 
serum  is  being  analyzed  the  serum  can  be  diluted  with  an  equal  volume 
of  0.9%  sodium  chloride  solution  prior  to  the  first  precipitation  of  the 
low  density  lipoproteins.  This  further  reduced  the  danger  of  contamina¬ 
tion  of  the  final  precipitate  with  other  serum  proteins.  When  this  is 
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done,  the  volume  of  dextran  sulfate  and  calcium  chloride  solutions  used 
must  be  doubled. 


Table  1 


Serum  Concentration  of  Low-Density  Lipoprotein  Protein 


Sample 

1 

2 

3 

4 

5 

6 

7 

8 


Low-Density  Lipoproteins 
Mg/100  ml* 

164-168  (5) 

190-200  (4) 

163-167  (3) 

135-135  (3) 

236-246  (2) 

200-210  (2) 

112-112  (2) 

150-157  (2) 


*  Lowest  and  highest  value 
*  *  Number  of  replicates 


Table  2 

Comparison  of  Remits  When  1  and  2  ml  of  Serum  Were  Used 
Sample  Volume  of  Serum  Used 


1  ml 

2  ml 

Mg/100  ml 

Mg/100  ml 

1 

148 

145 

2 

192 

187 

3 

165 

160 

4 

159 

166 
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SUMMARY 

A  method  for  the  determ ’nation  of  the  protein  moiety  of  the  low-dens¬ 
ity  lipoproteins  of  serum  has  been  described.  This  involves  precipita¬ 
tion  and  two  reprecipitations  with  dextran  sulfate  and  calcium  chloride 
after  which  the  protein  content  is  determined  with  biuret  reagent,  using 
crystalline  human  serum  albumin  as  standard. 
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and  Ultracentrifugation  of  Lipoproteins  from  Hypercholesterolemic 
Dog  Serum.  J.  Lipid  Res.,  3,  111. 
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THE  DISTRIBUTION,  HOSTS  AND  SEASONAL  ACTIVITY 
OF  VIRGINIA  TICKS 
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Received  for  publication,  April  6,  1964 

INTRODUCTION 

Although  considerable  information  has  been  published  on  the  distribu¬ 
tion,  hosts,  and  seasonal  activity  of  ticks  in  the  eastern  United  States 
(Hooker,  Bishopp,  and  Wood,  1912;  Cooley  and  Kohls,  1944,  1945;  Bi- 
shopp  and  Trembley,  1945),  these  papers  refer  to  a  very  large  geographic 
area  and  detailed  information  about  specific  localities  is  generally  unavail¬ 
able.  More  detailed  knowledge  of  the  ticks  of  Virginia  is  of  considerable 
interest  in  view  of  the  incidence  of  tick  borne  diseases  in  the  state.  For 
example,  currently  reported  human  cases  of  Rocky  Mountain  Spotted 
Fever  in  Virginia  exceed  in  number  those  reported  in  any  other  state. 
The  causative  agent  of  this  disease  has  been  found  in  several  native  wild 
mammals,  including  the  meadow  mouse,  Microtus  pennsylvanicus,  (Gould 
and  Miesse,  1954)  and  the  cottontail  rabbit,  Sylvilaqus  floridanus  (Shirai 
et  al.9  1961).  The  fact  that  these  species  are  important  tick  hosts  increases 
the  potential  effect  ticks  may  play  in  transmitting  the  disease  among  such 
animal  populations  which  are  frequently  found  in  close  proximity  to  human 
habitations.  Further,  the  American  dog  tick,  Dermacentor  variabilis,  and 
the  rabbit  tick,  Haemaphysalis  leporispalustris  are  both  important  vec¬ 
tors  of  Tularemia.  At  least  6  cases  of  tick  paralysis  are  reported  from 
Virginia  (Gregson,  1952)  and  in  2  of  these  cases  the  common  dog  tick 
was  implicated.  Q  Fever  has  been  identified  in  both  H.  leporispalustris 
and  Ixodes  dentatus  collected  in  Virginia  (Arthur,  1961).  A  better  under¬ 
standing  of  the  ecology  of  these  diseases  in  Virginia  is  predicated  upon 
detailed  knowledge  of  the  tick  vectors  in  the  state. 

This  paper  is  based  upon  the  results  of  collecting  activities  associated 
with  human  cases  of  Rocky  Mountain  Spotted  Fever  which  were  investi¬ 
gated  in  relation  to  studies  on  the  ecology  of  this  disease  in  Virginia. 
Numerous  ticks  were  collected  during  a  3  year  period  beginning  in  1960. 
Ticks  were  taken  from  mammals  trapped  in  the  vicinity  of  human  cases 
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of  the  disease,  or  on  drags,  as  well  as  from  animals  killed  by  hunters. 
The  trapping  of  small  rodents  was  emphasized,  but  larger  mammals,  par¬ 
ticularly  rabbits,  deer,  foxes  and  dogs  were  also  examined  in  consider¬ 
able  numbers.  This  report  also  includes  unpublished  records  on  Virginia 
ticks  obtained  and  verified  by  Dr.  C.  M.  Clifford  as  well  as  collections 
made  by  L.  W.  Saylor  and  verified  by  Mr.  Glen  M.  Kohls,  Rocky  Moun¬ 
tain  Laboratory,  Hamilton,  Montana. 

Thirteen  species  of  ticks,  representing  5  genera,  were  identified  in  the 
collections  described  above.  Haemaphysalis  chordeilis  (Packard)  which 
probably  occurs  in  Virginia  (Bishopp  and  Trembley,  1945)  was  not  found 
by  the  present  investigators.  Boophilus  annulatus  (Say)  was  formerly 
present  but  has  not  been  reported  recently  in  this  area  and  presumably 
no  longer  exists  in  the  state.  Records  pertaining  to  these  2  species, 
therefore,  have  been  omitted. 

Each  of  the  13  species  included  is  discussed  with  respect  to  its  dis¬ 
tribution,  hosts,  and  seasonal  activity  in  Virginia,  in  so  far  as  these  facts 
are  known.  However,  no  specific  description  or  figures  of  the  species 
are  given  in  view  of  the  availability  of  good  descriptions  in  the  literature. 

All  of  the  collection  records  used  in  the  study  are  included,  arranged 
by  county,  in  Appendix  A,  in  order  to  enhance  the  usefulness  of  this 

work. 


Dermacentor  variabilis  (Say) 

The  common  American  dog  tick  is  an  important  pest  of  both  man  and 
dogs  and  a  vector  of  several  diseases.  It  is  perhaps  the  single  most  im¬ 
portant  transmiter  of  Rocky  Mountain  Spotted  Fever  to  man  in  the  east¬ 
ern  United  States  (Bishopp  and  Trembley,  1945).  Larvae  and  nymphs 
of  this  species  ocur  on  a  variety  of  small  rodents  particularly  meadow 
mice  and  white-footed  mice,  whereas  the  adults  attack  larger  mammals. 
The  life  cycle  (from  egg  to  adult)  may  be  passed  in  as  little  as  2  months 
under  laboratory  conditions,  but  it  probably  requires  2  years  (i.  e.  2  sum¬ 
mer  seasons)  under  natural  conditions  in  Virginia. 

Distribution.  The  dog  tick  has  been  found  in  fifty  counties  and  thir¬ 
teen  cities  in  Virginia,  ranging  from  the  Atlantic  coast  to  mountainous 
Dickerson  and  Lee  Counties  in  the  Western  end  of  the  state  (Fig.  1). 
The  species  probably  also  exists  in  other  counties  for  which  no  records 
exist,  particularly  those  counties  in  the  Coastal  Plain  and  Piedmont  plateau. 
Intensive  dragging  for  adult  ticks  was  done  in  the  western  portion  of 
Virginia  to  determine  if  the  dog  tick  was  present  there.  Collecting  efforts 
were  made  in  Washington,  Carroll,  Grayson,  Floyd  and  Dickenson  coun¬ 
ties  during  July  20  to  August  2,  1963,  a  period  when  adult  ticks  are 
still  relatively  abundant  elsewhere  in  the  state.  None  were  obtained 
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Fig.  1.  Map  of  Virginia  showing  the  distribution  of  Dermacentor  variabilis  and  albipictus  by  county  and  city. 
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by  this  method,  but  collections  have  been  taken  from  resiednt  dogs  in 
Lee,  Scott  and  Wise  counties,  and  from  humans  in  Lee  and  Russell  coun¬ 
ties,  immediately  following  this  same  period.  Clearly,  the  tick  does 
occur  in  these  mountainous  western  regions  though  it  appears  to  be  much 
less  abundant  there  than  in  eastern  and  central  Virginia.  Smith,  et  al 
(1946)  record  the  dog  tick  as  relatively  sparse  in  this  region  (records 
of  the  Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Department 
of  Agriculture). 

Specific  localities  where  adult  D.  variabilis  was  obtained  on  drags  made 
by  the  authors  exhibited  a  characteristic  pattern.  In  rural  areas  as  well 
as  suburban  communities,  ticks  were  collected  most  frequently  along  the 
boundaries  between  woods  and  field,  along  roadsides,  trails,  fence  rows 
and  similar  localiteis  frequented  by  man  or  animals.  However,  tick 
abunadnce  is  sporadic  and  dependent  on  the  presence  of  suitable  small 
rodent  hosts  for  the  immature  stages.  Many  apparently  suitable  situa¬ 
tions  which  did  not  harbor  wild  mice  (as  determined  by  trapping)  were 
also  free  of  ticks.  In  a  “typical”  rural  habitat,  a  farm  in  Hanover  County, 
ticks  were  especially  abundant  along  the  edge  of  a  wood  lot  of  mixed 
hardwoods  that  separated  2  uncultivated  fields.  The  ground  cover  along 
the  woods  edge  was  a  continuous  growth  of  honeysuckle  and  blackberry. 
Another  similar  locality  where  numerous  specimens  were  taken  was  a  path 
through  a  wood  lot  separating  2  fields,  while  a  third  locality  where 
abundance  of  ticks  was  noted  was  along  a  roadside.  A  drag  150  yards 
long  along  a  woods  edge  on  this  farm  on  July  26,  1962  yielded  53  adult 
D.  variabilis.  Another  drag  150  yards  long  was  done  along  a  roadside 
on  August  7,  1962  at  which  time  78  specimens  were  obtained.  Drags 
in  the  deep  woods  were  not  attempted  until  August  15,  1962  and,  on 
the  basis  of  repetition  of  dragging  on  the  sites  noted  above,  tick  activity 
had  decreased  sharply.  Nevertheless  9  specimens  were  taken  on  a  drag 
150  yards  long  in  the  woods.  Drags  were  not  attempted  in  any  of  the 
fields  during  1962,  but  they  were  done  during  the  spring  and  summer  of 
1963.  Ticks  were  occasionally  taken  on  drags  during  this  period  in  the 
open  fields,  far  from  any  animal  trails  or  woodlots. 

Smith,  et  al.  (1946)  present  data  based  on  studies  at  Martha’s  Vine¬ 
yard,  Massachusetts,  which  suggest  a  strong  tendency  on  the  part  of 
adult  D.  variabilis  to  migrate  to  roadsides  and  paths,  presumably  attracted 
by  animal  odors.  In  addition,  the  present  experience  suggests  that  the 
abunadnce  of  ticks  along  the  boundaries  of  wood  lots  adjoining  cultivated 
or  uncultivated  fields  may  also  be  associated  with  increased  animal  activity 
in  such  localities. 

Hosts.  —  The  adult  of  Dermacentor  variabilis  is  a  parasite  of  large  or 
medium  sized  mammals.  The  ticks  climb  on  vegetation  such  as  grasses 
and  low  herbs.  They  are  almost  always  found  at  heights  greater  than 
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6  inches  above  the  ground,  although  large  numbers  of  adult  ticks  were 
taken  at  a  height  of  6  inches  from  very  sparse  vegetation  along  road¬ 
sides.  Almost  any  large  mammal  may  serve  as  a  host;  those  which  have 
been  recorded  in  Virginia  are  given  in  Table  I. 

In  contrast  to  the  adults,  larvae  and  nymphs  are  known  almost  exclu¬ 
sively  from  small,  wild  rodents.  Five  species  of  small  rodents  are  recorded 
as  hosts  in  Virginia  (Table  I).  Bishopp  and  Trembley  (1945)  also  record 
these  immature  stages  from  several  species  of  wild  rats  and  lagomorphs. 
The  five  species  of  small  rodents  which  were  found  infested  in  Virginia 
were  the  wihte-footed  mouse,  Peromyscus  leucopus,  the  meadow  vole, 
Microtus  pennsylvanicus,  the  harvest  mouse,  Reithrodontomys  humulis, 
the  pine  mouse,  Pitymys  pinetorum,  and  the  house  mouse,  Mus  musculus. 
The  mice  most  frequently  trapped  and  examined  were  white-footed  mice 
and  meadow  voles.  During  the  months  of  March  to  November,  the  period 
of  larval  and  nymphal  activity,  numerous  specimens  of  these  small  rodent 
species  were  examined  in  1960,  1961,  and  1962.  This  report  includes 
only  those  cases  wherein  careful  examination  and  identification  of  ticks, 
if  present,  was  done.  During  this  period,  a  total  of  230  P.  leucopus  speci¬ 
mens  was  examined,  of  which  125,  or  54.3%  were  infested.  Larvae  were 
present  on  104  animals  with  an  average  of  1.5  larvae  per  mouse  (range 
1  to  14);  nymphs  were  present  on  37  animals  with  an  average  of  0.4 
nymphs  per  mouse  (range  1  to  8);  both  immature  stages  were  found 
together  on  17  of  these  animals.  During  this  same  period,  47,  or  67.1%, 
of  the  70  meadow  voles  examined  were  found  to  be  infested.  Larvae 
were  found  on  22  of  the  animals,  with  an  average  of  2.6  larvae  per 
mouse  (range  1  to  7);  nymphs  were  found  on  37  animals,  with  an  aver¬ 
age  of  3.0  nymphs  per  mouse  (range  1  to  8);  twelve  animals  were  infested 
with  both  larvae  and  nymphs. 

It  is  pertinent  to  question  whether  there  are  any  true  differences  in 
host  predilection  between  the  white-footed  mouse  and  the  meadow  vole. 
Direct  comparisons  between  infestation  rates  on  these  two  species  is 
difficult  because  many  more  white-footed  mice  than  meadow  mice  were 
examined.  Nevertheless,  54.3%  of  the  white-footed  mice  were  infested; 
45.6%  with  larvae  and  16.1%  with  nymphs.  In  the  case  of  the  meadow 
voles,  67.1%  of  the  animals  examined  were  infested;  31.4%  with  larvae, 
and  52.7%  with  nymphs.  It  is  evident  that  whereas  larvae  occur  com¬ 
monly  on  both  the  white-foted  mouse  and  the  meadow  vole,  the  frequency 
with  which  nymphs  are  encountered  is  more  than  three  times  greater  ; 
for  the  meadow  voles  than  it  is  for  the  white-footed  mouse.  Further, 
the  average  number  of  nymphs  per  mouse  was  more  than  6  times  as  great 
in  the  case  of  the  meadow  vole  as  in  the  case  of  the  white-footed  mouse. 
Clearly,  the  meadow  vole  appears  to  be  of  greater  significance,  when  it 
is  present,  as  a  host  for  the  nymphs  than  does  the  white-footed  mouse. 
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The  results  described  here  are  generally  in  agreement  with  those  of 
Smith,  et  al.  (1946)  who  studied  the  biology  of  D.  variahilis  in  Massach¬ 
usetts.  Smith  and  his  co-workers  found  the  meadow  vole  to  be  more 
commonly  infested  with  both  immature  stages  of  this  tick.  This  was  par¬ 
ticularly  true  in  the  case  of  nymphs  which  occurred  more  than  4  times 
as  frequently  on  M.  pennsylvanicus  as  on  P.  leucopus.  Smith,  et  al.  con¬ 
cluded  as  a  result  of  their  extensive  studies  of  5  localities  during  a  5  year 
period  that  “The  greater  abundance  of  meadow  mice  and  their  heavier 
average  infestation  combine  to  make  them  the  most  important  hosts  for 
larvae  and  nymphs.”  It  should  be  noted  that  the  localities  in  Massachu¬ 
setts  where  Smith’s  work  was  done  contained  relatively  large  populations 
cf  meadow  voles,  and  many  more  of  these  rodents  were  examined  than 
white-footed  mice.  In  Virginia,  on  the  other  hand,  many  more  white¬ 
footed  mice  were  examined. 

The  trapping  efforts  in  Virginia  indicate  that  the  white-footed  mouse 
is  encountered  in  a  wider  variety  of  habitats  and  more  frequently  than 
is  the  meadow  vole,  and  may  be  of  greater  overall  importance  in  support¬ 
ing  populations  of  the  dog  tick  on  a  state  wide  basis.  According  to  Burt 
(1946).  M.  pennsylvanicus  characteristically  inhabits,  “moist,  low  areas 
with  rank  growths  of  grasses  .  .  .  .  ”  or  “on  high  grasslands  and  near 
streams,  lakes,  and  swamps.”  (Another  important  consideration  with  regard 
to  the  meadow  voles  is  the  tendency  for  rapid  increases  in  population 
(Andrewartha,  1961)).  According  to  Burt,  population  growth  tends  to 
follow  a  4  year  cycle).  P.  leucopus,  Burt  has  noted  inhabits  “forested 
and  brushy  areas,  but  is  occasionally  present  in  open,  grassy  areas  that 
border  woods  or  brush.”  We  have  taken  P.  leucopus  in  virtually  all  tvpes 
of  habitats  trapped,  but  the  habitats  wherein  meadow  voles  were  taken 
conform  closely  to  that  described  by  Burt.  Infested  white-footed  mice 
were  trapped  in  17  counties,  and  4  cities,  but  infested  meadow  voles 
were  taken  in  only  6  counties  during  the  study.  When  the  meadow 
voles  were  encountered,  their  populations  were  very  concentrated  when 
compared  with  the  white-footed  mice.  Experience  in  the  field  indicates 
that  both  species  occurred  in  the  localized  areas  where  very  heavy  popula¬ 
tions  of  D.  variahilis  were  located.  In  localized  habitats  suitable  only 
for  P.  leucopus,  substantial  D.  variahilis  populations  were  still  found  to  be 
present. 

Laboratory  studies  on  the  feeding  of  immature  D.  variahilis  on  different 
small  mammals  were  done  to  determine  if  differences  in  the  acceptability 
of  these  animals  as  hosts  to  the  ticks  could  be  discerned.  Reared  larvae 
between  the  ages  of  7  to  14  days,  previously  maintained  at  90%  rela¬ 
tive  humidity  and  79  ±  2°  F.,  were  given  access  to  the  different  wild 
caught  small  rodent  hosts.  Each  rodent  was  exposed  to  100  larvae  per 
replicate  unless  indicated  otherwise.  The  rate  for  M.  pennsylvanicus  was 
49%  (1  exposure.  In  another  instance,  an  undetermined  number  of 
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TABLE  I 

THE  HOSTS  OF  13  SPECIES 
VIRGINIA  TICKS 

NUMBERS  OF  COLLECTIONS 


Species 

Adults 

Nymphs 

Larvae 

Hosts 

Amblyomma 

americanum 

10 

4 

Bos  taurus 

?>  yy 

31 

8 

1 

Canis  familiaris 

yy  yy 

yy  yy 

1 

1 

Colinus  virginianus 

Equus  caballus 

yy  yy 

9 

5 

Drag 

yy  yy 

23 

19 

3 

Homo  sapiens 

yy  yy 

1 

Sus  scrofa 

yy  yy 

1 

Sylvilagus  floridanus 

yy  yy 

1 

Mule 

yy  yy 

6 

1 

Odocoileus  virginianus 

yy  yy 

1 

1 

Procyon  lotor 

yy  yy 

1 

1 

Vulpes  fulva 

yy  yy 

1 

Peromyscus  leucopus 

yy  yy 

10 

6 

Urocyon  cinereaorgenteus 

Amblyomma 

maculatum 

1 

Sheep 

yy  yy 

1 

Canis  familiaris 

yy  yy 

1 

Tick  drag 

yy  yy 

1 

Peromyscus  leucopus 

Dermacentor 

albipictus 

64 

46 

3 

Odocoileus  virginianus 

Dermacentor 

variabilis 

3 

Bos  taurus 

yy  yy 

131 

Canis  familiaris 

yy  yy 

3 

Equus  caballus 

yy  yy 

15 

Didelphis  marsupialis 

yy  yy 

2 

Felis  domesticus 

yy  yy 

77 

Homo  sapiens 

yy  yy 

3 

Marmot  a  monax 
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TABLE  I  (continued) 


Species 

Adults 

Nymphs 

Larvae 

Hosts 

yy  yy 

3 

Mephitis  mephitis 

yy  yy 

4 

38 

24 

Microtus  pennsylvanicus 

yy  yy 

3 

1 

Mouse 

yy  yy 

1 

4 

Mus  musculus 

yy  yy 

37 

117 

Peromyscus  leucopus 

yy  yy 

4 

5 

Pitymys  pinetorum 

yy  yy 

9 

Procyon  lotor 

yy  yy 

1 

11 

Reithrodontomys  humulis 

yy  yy 

1 

Sciurus  carolinensis 

yy  yy 

2 

Sus  scrofa 

yy  yy 

1 

2 

1 

Sylvilagus  floridanus 

yy  yy 

4 

.... 

Vulpes  fulva 

Dermacentor 

variabilis 

9 

1 

Urocyon  cinereoargenteus 
Ursus  americanus 

yy  yy 

11 

3 

Drag 

Haemaphysalis 

leporispalustris 

2 

Baelophus  bicolor 

yy  yy 

2 

3 

Colinus  virginianus 

yy  yy 

1 

Cyanocitta  cristata 

yy  yy 

1 

Hylocichla  quttata 

yy  yy 

1 

1 

Hylocichla  ustulata 

yy  yy 

2 

1 

Junco  hyemalis 

yy  yy 

5 

3 

Melospiza  melodia 

yy  yy 

1 

Passerculus  sandwichensis 

yy  yy 

1 

Passer  domesticus 

yy  yy 

2 

Pipilio  erythrophthalmus 

” 

1 

Quiscalus  quiscula 

” 

1 

Spizella  passerina 

yy  yy 

1 

Sturnella  magna 

yy  yy 

1 

Sturnus  vulgaris 

yy  yy 

50 

38 

9 

Sylvilagus  floridanus 

yy  yy 

1 

Sylvilagus  transitionalis 

yy  yy 

1 

1 

1 

Thryothorus  ludovicianus 
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TABLE  I  (continued) 


Species  Adults  Nymphs  Larvae 


Haemaphysalis 

leporispalustris 


Ixodes  angustus 
Ixodes  hrunneus 

yy  yy 

yy  yy 

yy  yy 

Ixodes  cookei 

yy 


3 

2 

1 

1 

1 

3 

4 
4 
1 


”  ”  3 

Ixodes  dentatus 
Ixodes  dentatus 


1 

27 


6 

2 

2 

1 

1 

1 

4 

1 

1 

1 

19 

1 


yy  yy 


Ixodes  marxi  1 

Ixodes  scapularis  1 

”  ”  1 

yy  yy  * 

Ixodes  texanus  1 

”  ”  4 

Rhipicephalus 

sanguineus  14 


1 


4 

9 


1 

3 

1 

1 


1 

1 


6 

1 


1 


Hosts 


Toxostoma  rufum 
Zonotrichia  leucophrys 
Hollow  tree  and  grass 
Melospiza  georgiana 
Chicken 

Peromyscus  leucopus 
Junco  hyemalis 
Quiscalus  quiscula 
Carpodacus  purpureus 
Bird,  unidentified 
Canis  familiaris 
Marmota  monax 
Mephitis  mephitis 
Mouse 
Mustela  sp. 

Procyon  lotor 
Stump  of  tree 
Urocyon  cinereoargenteus 
Canis  familiaris 
Cyancitta  cristata 
Microtus  pennsylvanicus 
Peromyscus  leucopus 
Procyon  lotor 
Sylvilagus  floridanus 
Sylvilagus  transitionalis 
Zonotrichia  leucophyrys 
Sciurus  carolinensis 
Bos  taurus 

Odocoileus  virginianus 
Urocyon  cinereoargenteus 
Urocyon  cinereoargenteus 
Procyon  lotor 

Canis  familiaris  and 
human  habitations 
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larvae  were  given  access  to  the  mouse,  and  202  were  recovered);  for  P. 
leucopus,  44%  (average  5  replicates);  for  Mus  musculus ,  0.5%  (4  separate 
exposures  with  12,  25,  50,  and  100  larvae,  respectively);  for  Rattus  nor - 
vegicus,  laboratory  reared,  32%  (average  5  replicates).  Thus,  it  is  seen 
that  larval  D.  variabilis  feed  readily  on  meadow  mice,  white-footed  mice, 
and  the  Norway  rat,  but  rarely  feed  on  wild  house  mice.  To  test  this 
point  further,  6  groups,  each  containing  100  larvae,  were  given  access  to 
6  laboratory  reared  white  mice,  Mus  musculus,  but  no  engorged  larvae 
were  recovered.  Thus,  it  is  concluded  that  the  common,  widely  distributed 
house  mouse  plays  a  very  minor  role  in  supporting  populations  of  the 
dog  tick. 

Laboratory  studies  with  nymphs  were  also  done,  and  the  percent  feed¬ 
ing  recorded  was  as  follows:  on  M.  pennsylvanicus  (231  exposed  in  4 
separate  instances),  63.2%;  on  P.  leucopus  (112  exposed  in  4  separate 
instances)  0.9%;  on  Rattus  norvegicus,  laboratory  reared  (1310  exposed 
in  20  separate  instances),  40.8%;  and  on  Sylvilagus  floridanus  (50  exposed 
in  one  instance),  28.0%.  No  feeding  attempts  were  made  with  Mus 
musculus .  It  is  seen  that  the  nymphs  feed  avidly  on  all  hosts  tested 
except  the  white-footed  mouse,  and  this  conclusion  is  in  support  of  similar 
findings  on  the  basis  of  the  field  study. 

Further  studies  on  the  feeding  habits  of  immature  D.  variabilis  will 
be  reported  in  a  separate  paper  to  be  published  at  a  later  date. 

Several  other  species  of  small  mammals  also  harbor  the  immature  stages 
of  the  dog  tick.  The  pine  vole,  Pitymys  pinetorum  was  found  infested 
with  larvae,  as  was  the  harvest  mouse  Reithrodontomys  humulis  (Table 

I). 

Seasonal  Abundance  —  The  activity  period  of  the  dog  tick  extends  from 
early  March  to  mid  October.  It  is  relatively  shorter  for  adults  than  for 
the  immatures.  Adults  appear  in  March,  increase  sharply  in  abundance 
in  late  April  or  early  May,  reach  peak  abundance  in  June  and  decline 
in  abundance  after  that  until  activity  ceases  at  the  end  of  August  or 
early  September.  Adults  which  are  active  in  the  early  part  of  the  sea¬ 
son  represent  survivors  from  the  previous  year  which  have  successfully 
overwintered.  In  a  study  done  on  a  farm  near  Montpelier,  Virginia  dur¬ 
ing  1963,  adult  ticks  were  most  numerous  on  drags  in  June  and  July, 
with  a  peak  reached  on  June  lt7h.  Adult  abundance  declined  after  that 
date  and  ticks  were  not  taken  on  drags  after  August  28th. 

The  immature  stages  of  the  dog  tick  were  primarily  active  from  March 
to  mid  October  (Fig.  2).  It  should  be  noted  that  several  collections  of 
larvae  and  nymphs  were  made  in  January  by  the  Bureau  of  Entomology, 
U.S.D.A.  (unpublished  records),  larval  collections  were  also  made  at 
Montpelier,  Virginia  in  January  and  February,  1964.  Following  this,  the 
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earliest  date  on  which  larvae  were  taken  is  March  1,  the  latest  is  October 
22nd.  The  activity  rate  for  1961  is  shown  in  figure  4,  based  on  collec¬ 
tions  made  in  several  different  localities  in  Virginia.  Larvae  fust  appeared 
in  early  March,  reached  their  peak  abundance,  and  declined  in  numbers 
after  that  date.  Larval  activity  was  suppressed  during  May,  June  and 
July,  but  resurged  in  August  and  early  September.  Nymphs  first  appeared 
on  mice  in  March  and  their  numbers  did  not  show  an  appreciable  in¬ 
crease  until  late  April.  Nymphal  abundance  declined  after  that  period, 
but  accelerated  slightly  in  late  August.  It  may  be  noted  that  activity 
of  both  larvae  and  nymphs  terminated  in  September.  However,  in  later 
years  we  have  found  infested  P.  leucopus  in  October;  8  of  15  P.  leucopus 
specimens  taken  in  Norfolk  on  October  5,  1962  harbored  19  larvae,  rep¬ 
resenting  an  average  infestation  rate  of  1.27  larvae  per  mouse;  2  of  6  F. 
leucopus  specimens  trapped  in  the  same  area  on  October  22,  1963  also 
were  infested.  Clearly,  larval  activity  can  continue  in  some  areas  until 
late  October.  Nymphs,  however,  were  not  found  on  the  rodent  hosts 
after  August  15th. 

The  larval  activity  curve  for  Virginia  corresponds  closely  with  that  re¬ 
ported  by  Smith  et  al.  for  Massachusetts.  The  peak  of  larval  abundance 
in  Virginia  was  observed  in  March,  but  this  was  delayed  in  some  years 
until  April  or  even  early  May  in  Massachusets.  In  Virginia,  activity  is 
greatest  in  early  spring,  declines  or  even  vanishes  in  late  June  and  then 
reappears  in  late  August.  This  same  basic  patern  is  reflected  in  the 
studies  conducted  by  Smith,  though  with  considerable  difference  in  dif¬ 
ferent  years. 

The  bimodal  activity  curve  described  by  the  larvae  implies  the  exist¬ 
ence  of  2  populations.  The  first  population,  presumably,  consists  of  over¬ 
wintering  individuals  which  hatched  during  the  previous  summer  and  fall. 
These  begin  to  seek  their  hosts  more  or  less  simultaneously,  evidently 
set  in  motion  by  some  environmental  change.  Consequently,  one  observes 
a  sudden  surge  of  activity  which  builds  up  to  a  peak  which  may  never  be 
exceeded  in  that  same  year.  As  Smith  has  suggested,  the  infestation  rate 
of  the  small  rodents  then  declines  as  these  larvae  all  engorge  or  die.  No 
additional  larvae  will  be  available  until  hatching  of  newly  deposited  eggs 
can  occur.  Consequently,  larval  abundance  declines  to  a  low  point  by 
late  June  or  early  July.  The  second  larval  population  begins  to  appear 
in  July  or  early  August,  and  reaches  a  peak  in  late  August  or  September. 
This  second  peak  is  often  lower  than  the  early  spring  peak,  suggesting  that 
survival  is  curtailed  in  late  summer. 

The  activity  curve  described  by  the  nymphs  is  also  bimodal,  and  basi¬ 
cally  similar  to  that  of  the  larvae.  In  the  case  of  the  nymphs  however, 
the  peak  was  delayed  until  late  April,  or  approximately  6  weeks  later 
than  the  peak  in  larval  abundance.  The  mean  molting  time  for  engorged 
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larvae  maintained  in  an  incubator  at  79  ±  2°  was  10.2  days.  In  nature, 
it  is  to  be  expected  that  the  molting  time  would  be  considerably  longer; 
in  1961,  the  average  temperature  for  the  vicinity  of  Richmond  during 
March  and  April  was  51.9°  F.  Consequently,  it  is  reasonable  to  assume 
that  molting  of  engorged  larvae  may  be  delayed  as  much  as  6  weeks. 
Assuming  the  validity  of  the  delayed  larval  molting,  it  is  evident  that 
there  exists  a  close  correlation  between  the  larval  and  nymphal  activity 
curves.  Larvae  which  engorged  in  early  March  thus  join  the  nymphal 
population  in  late  April.  Furthermore,  it  may  be  expected  that  the  engorg¬ 
ing  nymphs  which  were  encountered  in  greatest  numbers  in  late  April  will 
add  to  the  adult  tick  population  in  the  succeeding  months.  Laboratory 
studies  on  the  molting  of  398  nymphs  done  at  79  ±  2°  F.  show  that  the 
mean  time  required  was  17.6  days  (range  13  to  23  days).  Since  the 
average  temperature  in  late  April,  May  and  June  was  66.0°  at  Richmond 
in  1961,  molting  of  engorged  nymphs  in  nature  would  be  slower,  and 
probably  would  not  be  completed  until  June.  Consequently,  since  the 
peak  of  nymphal  abundance  was  in  late  April,  the  peak  of  adult  abundance 
may  be  expected  in  June  or  even  early  July.  This  was  confirmed  in 
studies  done  at  Montpelier  in  1963,  when  the  peak  of  adult  abundance 
on  drags  was  found  on  June  17th. 

Dermacentor  albitpictus  (Packard) 

This  species  resembles  the  common  dog  tick;  those  found  in  Virginia 
during  this  study  were  lacking  in  ornamentation  and  correspond  to  the 
‘‘nigrolineatus”  variety.  D.  albipictus  is  a  one  host  tick,  all  stages  except 
the  engorged  female  remaining  on  the  host  during  feeding  and/or  molt¬ 
ing.  The  species  is  restricted  to  large  domestic  and  wild  mammals  in 
its  choice  of  hosts. 

All  of  the  records  made  in  this  study  are  from  deer  shot  during  the 
hunting  season  in  November  and  December.  The  ticks  were  found  on 
deer  from  Nottoway,  Brunswick,  Dinwiddie,  Spotsylvania,  Caroline,  and 
Augusta  counties  (Fig.  1).  The  heaviest  infestations  occurred  on  deer 
taken  in  the  three  southern  Piedmont  counties;  of  70  deer  examined  in 
this  area  21  were  infested  and  as  many  as  113  ticks  were  taken  from  a 
single  animal  (many  more  were  seen  but  circumstances  did  not  permit 
their  collection).  Infestations  were  much  less  common  in  the  2  northern 
Piedmont  counties  (Spotsylvania  and  Caroline);  of  a  large  number  of 
deer  examined  there  (the  exact  number  of  animals  was  not  determined), 
5  were  infested,  and  as  many  as  42  ticks  were  taken  from  a  single  ani¬ 
mal.  In  mountainous  Augusta  county,  56  deer  were  examined,  of  which 
only  1  animal  was  infested  with  4  ticks.  It  was  also  noted  that,  in  all 
areas  of  Virginia  where  the  ticks  were  found,  the  ticks  occurred  to  the 
greatest  extent  on  the  older  and  larger  animals.  Weight  records  for  25 
infested  deer  show  that  deer  weighing  100  pounds  or  more  had  an  aver- 
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Fig.  3.  Map  of  Virginia  showing  the  distribution  of  Amblyomma  americanum  and  maculatum ,  Haemaphysalis 
leporispalustris  and  Rhipicephalus  sanguineus  by  county  and  city. 
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age  infestation  of  29.5  ticks/animal  (15  animals);  deer  weighing  less 
than  100  pounds  had  an  average  infestation  of  8  ticks/animal  (10  ani¬ 
mals).  The  average  age  of  the  infested  deer  in  the  case  of  18  animals  where 
ages  could  be  determined  was  2.4  years. 

Amblyomma  americanum  (Linnaeus) 

The  relatively  small  brown  “lone  star  tick”  is  readily  recognized  by 
the  characteristic  silvery  spot  on  the  dorsal  side  of  the  female  (scutum) 
and  the  virtual  lack  of  ornamentation  of  the  males.  The  mouth  parts, 
especially  the  hypostome  and  the  palps  are  long.  This  tick  has  been 
incriminated  as  a  vector  of  Rocky  Mountain  spoted  fever;  R.  rickettsii 
has  been  recovered  from  unfed  nymphs  in  Oklahoma  (Arthur,  1961). 
Since  all  stages  of  this  tick  will  bite  man,  it  is  obviously  of  direct  importance 
in  the  epidemiology  of  this  disease.  A.  americanum  has  also  been  found 
to  be  infested  with  Coxiella  burnetti,  the  agent  of  Q  fever  (Arthur,  1961). 

Distribution  —  The  lone  star  tick  has  been  found  in  33  counties  and 
3  cities  in  Virginia,  from  the  Atlantic  coast  to  Montgomery  county  in  the 
Appalachian  mountains  (Fig.  3).  It  is  apparently  absent  from  the  west¬ 
ernmost  counties,  but  it  probably  occurs  throughout  all  of  eastern  and 
central  Virginia.  Especially  heavy  infestations  were  found  in  several  locali¬ 
ties  containing  large  expanses  of  forest  or  swamp  and  where  numerous 
deer  were  present.  The  ticks  could  be  picked  up  on  drags  or  on  cloth¬ 
ing  in  deep  woods  far  from  any  paths  or  roads.  In  one  such  locality,  a 
large  expanse  of  woodland  maintained  as  a  hunting  preserve  in  Nanse- 
mond  county,  204  A.  americanum  nymphs  and  adults  were  obtained  on 
drags  on  June  7,  1962  within  4  hours. 

Hosts  —  The  hosts  for  this  species  vary  greatly,  as  A.  americanum  shows 
but  limited  host  specificity.  Adults  are  commonly  found  on  larger  mam¬ 
mals,  especially  deer  and  dogs,  and  man  is  frequently  attacked.  The  im¬ 
mature  stages  accept  a  wider  variety  of  hosts  and  are  often  found  on 
birds  (Bishopp  and  Trembley,  1945).  In  Virginia,  adults  were  taken 
on  man,  dogs,  cattle,  hogs,  horses,  mules  and  whitetailed  deer  (Table  1). 
Nymphal  collections  were  made  from  all  of  these  animals  except  horses, 
mules  and  hogs;  larvae  have  been  taken  from  dogs  and  humans.  Al¬ 
though  numerous  small  rodents  were  found  to  be  tick  infested  with  im¬ 
mature  D.  variabilis,  including  52  meadow  mice,  152  white-footed  mice, 
8  pine  voles  and  4  house  mice,  only  one  collection  of  A.  americanum  was 
obtained  from  one  these  rodents,  a  white-footed  mouse.  Attempts  to  feed 
larvae  on  captured  P.  leucopus  in  the  laboratory  were  unsuccessful.  Rogers 
(unpublished  thesis,  University  of  Maryland,  1953)  has  also  noted  that 
small  rodents  do  not  generally  serve  as  hosts  for  the  immature  stages  of  the 
lone  star  tick. 

Seasonal  Abundance  —  The  earliest  date  on  which  A.  americanum  has 
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been  found  was  March  17th  (adult  taken  on  a  drag).  Populations  of 
this  species  increase  until  June,  after  which  the  number  of  ticks  taken 
on  drags  declines  very  rapidly.  At  a  special  study  area  at  Montpelier, 
Virginia,  large  numbers  of  both  A.  americanum  and  D.  variahilis  were 
collected  in  May,  1962.  However,  systematic  drags  made  in  the  same 
area  from  July  26th  to  August  30th  did  not  yield  any  lone  star  ticks, 
though  367  D.  variahilis  adults  were  collected.  Nevertheless  collections 
of  A.  americanum  in  Virginia  have  been  made  in  late  summer,  up  to  Sep¬ 
tember  25.  Further,  A.  americanum  males  were  collected  from  deer  in 
November  and  December.  These  are  presumed  to  be  specimens  which 
remained  attached  long  after  they  had  fed  and  mated. 

Amhlyomma  maculatum  Koch 

The  moderately  large  Gulf  Coast  tick  is  an  ornate  species;  the  males 
are  readily  distinguished  from  the  lone  star  tick  by  the  reticulate  mark¬ 
ing  pattern  on  the  dorsal  body  surfaces,  and  the  females  are  distinguished 
by  the  absence  of  the  characteristic  silvery  spot.  The  species  is  common 
in  the  Gulf  Coast  areas  of  the  United  States  and  also  in  the  southern 
Atlantic  states  region.  In  the  latter  areas  it  occurs  along  the  coastal  zone 
to  about  100  miles  inland  (Coley  and  Kohls,  1944).  Coley  and  Kohls 
^1944)  and  Clifford,  et  al.  (1961)  record  it  as  present  in  Virginia  but 
no  further  data  are  given.  Four  collections  of  this  species  were  obtained, 
i  each  from  Norfolk,  Lunenburg  and  Hanover  Counties  and  the  City  of 
Richmond  (Fig.  2).  The  first  two  collections  are  from  sheep  and  dogs, 
respectively.  The  last  collection,  a  single  specimen,  was  taken  on  a  drag 
at  the  study  area  near  Montpelier,  Virginia,  where  very  extensive  tick 
collecting  via  dragging  was  done.  Consequently,  the  species  is  probably 
not  established  at  this  locality. 

Haemaphysalis  leporispalustris  (Packard) 

This  small  tick  is  recognized  by  the  large  palpi  that  extend  laterally 
beyond  the  basis  capituli.  The  species  has  been  recorded  from  25  coun¬ 
ties  in  Virginia,  ranging  from  Accomack  county  on  the  Atlantic  coast  to 
Wise  county  in  the  far  western  part  of  the  state  (Fig.  3).  The  tick 
probably  occurs  throughout  all  parts  of  Virginia. 

Rabbits  are  the  preferred  hosts  for  the  adults  (Bishopp  and  Trembley, 
1945);  larvae  and  nymphs  also  attack  rabbits,  but  parasitize  birds  as 
well  (Peters,  1936).  In  Virginia,  most  of  the  collections  have  been  from 
the  cottontail,  Sylvilaqus  floridanus.  In  addition,  immature  ticks  have 
been  taken  from  18  species  of  birds  (Table  I).  Nibley  (unpublished 
thesis,  University  of  Maryland,  1957)  found  subadults  of  this  species  on 
17  species  of  birds  at  the  Patuxent  Wildlife  Refuge  in  Maryland.  Three  of 
the  species  reported  as  infested  in  Virginia,  namely,  the  eastern  hermit 
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thrush  Hylocichla  quttata,  the  eastern  chipping  sparrow,  Spizella  passerina, 
and  the  white  crowned  sparrow,  Z onotricha  leucophyrs,  appear  to  represent 
new  locality  records  for  the  state. 

Activity  of  the  rabbit  tick  evidently  extends  throughout  the  year, 
though  collections  were  less  common  in  the  winter  and  none  were  made 
in  December.  According  to  Bishopp  and  Trembley,  the  tick  is  active 
throughout  the  year  in  the  southern  United  States,  but  is  more  abundant 
in  the  spring  and  fall. 


Ixodes  angustus  Neumann 

This  species  has  been  most  freqeuntly  collected  in  the  northwestern 
United  States,  as  well  as  British  Columbia  and  Alaska  (Cooley  and  Kohls, 
1945.  It  has  been  recorded  from  California  (Ryckman,  et  al.  1955), 
Colorado  (Finley,  1958),  and  Indiana  (Wilson,  1958).  In  the  eastern 
United  States,  I.  anqustus  has  been  reported  from  Maine,  Rhode  Island, 
New  York,  Virginia  and  West  Virginia  (Clifford,  et  al.  1961).  Only  3 
collections  are  reported  in  this  study  from  Virginia,  all  from  Peromyscus 
leucopus.  According  to  Bishopp  and  Trembley  (1945),  small  rodents  are 
the  preferred  hosts  for  this  tick. 

Ixodes  brunneus  Koch 

This  species  has  been  recorded  several  times  in  Virginia  on  various  birds 
(Cooley  and  Kohls,  1945).  Bishopp  and  Trembley  note  that  it  is  found 
largely  on  migratory  birds.  In  the  present  Virginia  collection,  it  has  been 
found  on  3  species  of  birds,  and  one  unidentified  bird  (Table  I). 

Ixodes  cokei  Packard 

This  species  is  widely  distributed  in  the  United  States,  especially  in 
the  eastern  part,  and  has  been  previously  reported  from  Virginia  by  Cooley 
and  Kohls  (1945)  and  Bishopp  and  Trembley  (1945).  Wild  mammals, 
especially  carnivores  are  the  favored  hosts.  Man  and  dogs  may  also 
be  attacked.  In  Virginia,  the  species  has  been  recorded  from  the  Coastal 
Plain,  the  Piedmont  plateau,  and  the  western  border  as  far  as  Tazewell 
county  (Fig.  4).  The  hosts  for  these  ticks  were  dogs,  skunk,  mink,  racoon, 
gray  fox,  woodchuck.  Seasonal  data  indicate  that  it  is  active  in  the  win¬ 
ter  and  probably  throughout  the  year  (Table  I). 

Ixodes  dentatus  Neumann 

Evidence  presented  by  Cooley  and  Kohls  (1945)  indicates  that  I.  denta¬ 
tus  is  common  in  Virginia.  In  the  present  study,  it  has  been  collected 
from  20  counties  extending  from  Norfolk  county  in  the  eastern  coastal 
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Fig.  4.  Map  of  Virginia  showing  the  distribution  of  Ixodes  angustus,  brunneus,  cookei,  dentatus,  marxi,  scapu- 
laris  and  texanus  by  county  and  city. 
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plain  to  Bland  county  in  the  far  western  mountainous  region  (Fig.  4). 
These  collections  as  well  as  the  records  from  the  other  counties  of  Vir¬ 
ginia  suggest  that  the  distribution  is  state-wide.  The  hosts  were  mostly 
cottontail  rabbits,  Sylvilagus  floridanus.  Bishopp  and  Trembley  (1945) 
reported  this  tick  from  4  species  of  birds.  Clifford,  et  al.  (1961)  reported 
that  birds  were  important  hosts  for  the  larvae  in  Maryland,  and  Niblev 
(1957)  reported  collections  from  15  species  in  that  state,  but  only  2  col¬ 
lections  were  made  from  birds  in  Virginia  (Table  I). 

Ixodes  marxi  Banks 

The  one  collection  of  this  species  in  Virginia  was  from  a  gray  squirrel 
in  Montgomery  county.  I.  marxi  has  been  taken  almost  exclusively  from 
various  species  of  squirrels  (Cooley  and  Kohls,  1945;  Bishopp  and  Trem¬ 
bley,  1945). 


Ixodes  scapularis  Say 

Although  reputedly  a  “common  tick  on  deer  and  domestic  animals  in 
the  southern  states”  (Cooley  and  Kohls,  1945),  only  4  collections,  from 
a  cow,  a  deer,  a  dog  and  from  a  gray  fox,  have  been  taken  in  Virginia. 
Bishopp  and  Trembley’s  distribution  maps  show  this  species  as  present  in 
the  eastern  part  of  Virginia.  The  4  collection  records  reported  in  this 
study  were  from  the  city  of  Norfolk  and  the  counties  of  Richmond,  James 
City  and  Augusta. 


Ixodes  t exanus  Banks 

According  to  Bishopp  and  Trembley,  this  species  is  present  in  North 
Carolina;  Clifford,  et  al.  (1961)  reported  it  from  Virginia.  Four  of  our 
collections  of  7.  t exanus  were  made  from  racoons,  in  Nottoway,  Fairfax, 
King  and  Queen  and  Princess  Anne  counties.  A  fifth  is  from  a  gray  fox 
in  Caroline  county. 

Rhipicephalus  sanguineus  (Latreille) 

Collections  of  the  brown  dog  tick  have  been  made  in  widely  separate 
localities,  specifically  the  cities  of  Norfolk,  Charlottesville,  Richmond, 
Newport  News,  and  Arlington,  as  well  as  in  York  and  Surry  counties 
(Figure  3).  The  ticks  were  collected  from  dogs,  kennels,  and  houses 
where  dogs  were  kept.  It  is  probable  that  careful  examination  of  dogs 
or  their  habitations  in  other  communities  in  Virginia  would  reveal  colonies 
of  R.  sanguineus. 


1965] 


Virginia  Ticks 


45 


SUMMARY 

The  county  distribution,  seasonal  abundance,  and  hosts  of  the  13  species 
in  5  genera  of  ixodid  ticks  found  in  Virginia  are  discussed.  D.  variabilis 
is  the  most  prevalent  species,  and  was  found  in  50  counties  and  13  cities. 
The  population  in  different  areas  is  variable  and  is  dependent  on  the 
populations  of  the  meadow  vole,  Microtus  pennsylvanicus  and  the  white¬ 
footed  mouse,  Peromyscus  leucopus.  These  rodent  were  found  to  be  the 
most  important  hosts  for  the  immature  stages.  Nymphs  of  D.  variabilis 
appear  to  feed  more  readily  on  Microtus  than  on  Peromyscus.  Adult  ticks 
are  found  along  the  boundaries  between  woods  and  field,  along  roadsides, 
tails,  etc.  It  is  suggested  that  their  presence  there  is  due  to  the  abundance 
of  animal  activity  as  well  as  migration  in  response  to  animal  odors.  The 
activity  of  D.  variabilis  commences  in  March,  at  which  time  larvae  are 
most  numerous.  Nymphs  are  present  in  March  but  peak  activity  does 
not  occur  until  April.  Adults  also  appear  early  in  the  season,  but  become 
most  abundant  in  June.  Larval  activity  has  been  observed  into  October 
while  adult  activity  ends  about  the  first  of  September. 

D.  albipictus  was  taken  only  on  white-tailed  deer,  Odocoileus  virginianus 
in  6  counties;  a  higher  infestation  rate  was  observed  on  animals  in  the 
Piedmont  area  of  the  state.  Young  animals  were  uninfested  or  only  lightly 
infested,  whereas  older  animals  in  excess  of  100  pounds  were  most  heavily 
infested. 

Amblyomma  americanum  was  found  in  33  counties  and  3  cities,  pri¬ 
marily  east  of  the  Appalachian  mountains.  In  certain  areas  populations 
become  very  large  with  the  population  peak  occurring  in  late  May  and 
early  June,  and  a  rapid  fall  off  immediately  following.  A.  maculatum 
was  collected  at  four  locations  but  apparently  is  not  established  in  Vir¬ 
ginia. 

Haemaphysalis  leporispalustris  was  collected  in  25  counties  representing 
all  areas  of  the  state.  Most  collections  were  from  the  cottontail  Sylvilagus 
floridanus  while  immature  ticks  were  taken  from  18  species  of  birds. 

Ixodes  cookei  and  Ixodes  dentatus  are  relatively  common  in  Virginia. 
Other  species  of  Ixodes  occasionally  encountered  were:  Ixodes  angustus, 
Ixodes  brunneus,  Ixodes  marxi,  Ixodes  scapularis  and  Ixodes  texanus. 

Rhipicephalus  sanguineus  was  found  in  five  cities  and  two  counties  in 
the  state. 
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COLLECTION  RECORDS  OF  VIRGINIA  TICKS  ARRANGED  BY  COUNTY  AND  CITY 
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County  or  City  Date  Tick  Species  Stages  and  No.  Host  Acc.  No.  Authority 
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A  MESSAGE  FROM  THE  PRESIDENT 

It  is  now  time  to  give  serious  consideration  to  preparations  for  our 
annual  meeting,  which  will  be  held  in  Richmond  on  May  5-8,  at  the 
John  Marshall  Hotel.  If  you  have  not  already  received  a  request  for 
the  title  of  your  paper  for  this  meeting,  it  will  certainly  be  forthcoming 
soon.  Should  you  not  receive  such  a  request  you  may  contact  directly 
the  officers  of  the  section  that  you  would  like  to  participate  in.  While 
the  annual  meeting  is  not  the  only  function  of  the  Academy,  you  will 
remember  that  it  is  the  big  event  of  the  year. 

During  the  past  few  years  the  quality  of  the  papers  presented  has 
steadily  improved.  This,  I  hope,  is  just  a  beginning  and  we  will  continue 
to  present  papers  of  high  quality.  The  Academies  do  serve  a  very  useful 
purpose  in  being  somewhere  intermediate  between  a  departmental  semi¬ 
nar  and  a  national  or  international  meeting.  For  that  reason,  many  stu¬ 
dents,  both  undergraduate  and  graduate,  cut  their  teeth  on  paper  presenta¬ 
tion  at  these  meetings. 

One  of  the  highlights  of  the  annual  meeting  is  our  Junior  Academy  of 
Science  activities.  The  excellence  of  the  papers  presented  by  Junior 
members  at  our  1963  meeting  received  many  favorable  comments.  A 
number  of  people  remarked  that  the  papers  presented  by  the  Junior 
Academy  members  were  of  a  quality  comparable  to  those  given  by  sen¬ 
ior  members  and  in  many  cases  indicated  that  they  were  based  on  high 
quality  research.  Any  member  of  the  Senior  Academy  who  has  not 
taken  the  opportunity  of  becoming  acquainted  with  the  activities  of  the 
Junior  Academy  is  missing  a  treat. 

During  the  year  Dr.  W.  W.  Scott,  Chairman  of  the  Junior  Academy  of 
Science  Committee  changed  positions  and  this  necessitated  his  resigning 
as  chairman  of  that  committee.  While  it  was  a  serious  loss  to  the  Acad¬ 
emy  and  to  the  Junior  Academy  work,  we  were  fortunate  in  securing  as 
the  leader  of  this  Junior  Academy  Committee  Dr.  E.  L.  Wisman  of  the 
Biochemistry  Department  at  V.P.I.  With  Dr.  Scott  acting  as  advisor 
during  the  initial  take  over,  we  feel  sure  that  the  Junior  Academy  work 
will  continue  to  grow  stronger  year  by  year.  Doubtless,  most  of  the 
Senior  Academy  members  know  that  we  have  a  National  Science  Founda¬ 
tion  grant  which  enables  us  to  finance  the  Junior  work  more  adequately 
than  before.  While  the  grant  this  year  was  reduced  in  amount,  it  will 
be  sufficient  for  a  very  active  program.  Representatives  of  the  National 
Science  Foundation  indicate  that  the  quality  of  work  in  Virginia  is  such 
that  they  would  look  favorably  upon  continued  support. 

The  constitution  of  the  Academy  of  Science  was  changed  a  few  years 
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ago  so  that  a  majority  of  the  ruling  body,  which  is  the  Council,  is  elected 
by  the  respective  sections.  This  throws  the  responsibility  of  the  develop¬ 
ment  of  the  Academy  into  the  lap  of  the  sections.  If  the  Academy  is 
to  continue  to  grow,  each  section  must  take  an  active  interest,  not  only 
in  its  respective  section,  but  in  the  Academy  proper.  May  I  urge  you 
to  elect  only  as  Counselors  those  who  will  take  their  duties  seriously 
and  will  represent  your  wishes  before  the  Council.  It  must  be  kept  in 
mind,  however,  that  the  counselor  must  look  after  the  interest  of  the 
Academy  as  well  as  the  section  he  represents. 

One  reason  the  Virginia  Academy  of  Science  stands  high  among  the 
Academies  of  the  country  is  the  fact  that  we  have  a  very  respectable 
publication  to  our  credit.  I  would  like  to  encourage  your  interest  in 
this  publication  and  beg  for  it  the  support  that  it  deserves.  It  is  my 
feeling  that  we  should  not  pattern  our  Journal  to  meet  a  restricted  bud¬ 
get,  but  rather  we  should  decide  on  the  type  of  Journal  we  wish  and 
then  finance  it  accordingly.  If  it  is  to  be  a  Journal  that  we  will  be 
proud  of,  we  must  have  high  caliber  papers  published  in  it.  Why  not 
consider  it  as  a  means  of  publication  for  some  of  your  research. 

The  question  of  finances  is  always  before  us.  The  annual  budget  of 
the  Academy  is  in  the  neighborhod  of  $10,000  per  year.  Some  of  our 
larger  institutions  in  the  State  make  a  bigger  contribution  towards  the 
activities  of  the  Academy  than  our  entire  budget.  If  it  were  not  for 
their  support,  we  could  not  exist.  The  Academy  is  not  adequately  fi¬ 
nanced  and  other  sources  of  income  must  be  secured.  Your  officers  this 
year  are  making  a  concerted  effort  to  increase  membership  and  also  to 
increase  business  memberships,  which  are  a  substantial  support.  In  addi¬ 
tion,  members  have  been  encouraged  to  raise  their  level  of  contribution 
from  a  regular  member  to  a  contributing  or  sustaining  member.  A  few 
more  life  members  would  be  greatly  appreciated. 

One  of  the  great  steps  forward  taken  by  the  Academy  of  Science  was 
the  establishment  of  the  position  of  Executive  Secretary-Treasurer  in  1963. 
It  was  also  a  great  good  fortune  for  the  Academy  that  they  were  able  to 
obtain  Rodney  C.  Berry  for  this  position.  Mr.  Berry  had  just  retired 
from  an  important  executive  position  with  the  State  Department  of  Agri¬ 
culture  in  Richmond.  Under  his  guidance,  our  records  have  been  brought 
up  to  date,  membership  has  reached  the  highest  number  in  history,  and 
dues  have  been  collected  from  a  larger  proportion  of  our  membership 
than  ever  before.  This  new  position  as  occupied  will  not  only  give  con¬ 
tinuity  to  our  work  but  will  serve  as  a  foundation  of  strength  on  which 
we  can  build  a  stronger  Academy. 

Finally,  I  would  like  to  call  to  your  attention  the  fact  that  we  do  each 
year  have  an  outstanding  speaker  for  our  general  Academy  meeting, 
which  occurs  on  Friday  evening.  Make  your  plans  to  stay  for  that  meet- 
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ing  and  encourage  all  the  others  that  you  can  to  do  likewise.  Our  speak¬ 
er  this  year  is  Dr.  Sterling  B.  Hendricks  of  the  Pioneer  Research  Labo¬ 
ratories  of  the  U.  S.  Department  of  Agriculture.  While  Dr.  Hendricks 
is  a  soil  scientist,  he  is  internationally  famous  in  at  least  five  fields,  one 
of  which  is  mountain  climbing.  You  will  miss  something  if  you  do  not 
take  time  to  hear  his  talk. 


S.  S.  Obenshain 
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THE  J.  SHELTON  HORSLEY  RESEARCH  AWARD  FOR  1965 
OF  THE  VIRGINIA  ACADEMY  OF  SCIENCE 

To  the  author  of  a  highly  meritorious  research  paper,  the  Academy 
presents  the  J.  Shelton  Horsley  Research  Award.  From  papers  submitted 
for  consideration  each  year,  the  Research  Committee  may  select  an  award 
winner.  This  award  is  the  highest  honor  the  Academy  can  bestow  for 
original  research,  and  its  presentation  is  the  highlight  of  the  Academy 
Assembly  at  the  annual  meeting.  An  engraved  certificate  and  an  award 
of  $500  are  presented  to  the  winner.  Some  requirements  concerning  the 
award: 

1.  Two  copies  of  each  competing  paper  should  be  forwarded  to  the 
appropriate  Section  Secretary  by  March  25,  1965.  Secretaries  are 
requested  to  send  submitted  papers  to  Dr.  Boyd  Harshbarger, 
Department  of  Statistics,  Virginia  Polytechnic  Institute,  Blacksburg, 
Virginia  24061,  not  later  than  April  1,  1965.  Papers  arriving  later 
than  this  date  cannot  be  considered. 

2.  The  author  must  present  the  paper  in  the  appropriate  section  pro¬ 
gram  at  the  annual  meeting. 

3.  The  paper  must  represent  original  research  carried  on  by  the  author 
while  a  member  of  the  Academy. 

4.  a.  A  published  paper  to  be  eligible  must  have  been  published 

after  May  1,  1964  —  reprints  of  such  papers  may  be  submitted. 

b.  For  unpublished  papers,  it  is  recommended  that  the  paper  sub¬ 
mitted  be  suitable  in  length  and  content  for  publication  in  a 
scientific  journal. 

5.  The  cooperation  of  Section  Secretaries  and  Chairmen  is  requested 
in  preliminary  screening  of  papers  submitted.  We  would  like  you 
to  indicate  those  papers  which  you  consider  prize-worthy  in  the 
order  of  1,  2,  3,  etc. 

6.  No  person  will  be  awarded  the  prize  more  than  once. 

Outstanding  scientists  from  out  of  the  state  will  be  asked  to  evaluate 

the  beter  papers. 
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A  CURIOUS  PARALLEL  BETWEEN  SERIAL 
LEARNING  AND  TACHISTOSCOPIC  PERCEPTION* 1 2 

E.  Rae  Harcum 

The  College  of  William  and  Mary 

Three  years  ago  at  these  meetings  Miss  Rosemary  Hartman  and  I 
reported  an  attempt  to  show  that  the  psychological  mechanisms  involved 
in  a  certain  type  of  learning  task  and  the  psychological  mechanisms  in  a 
certain  type  of  perceptual  task  were  basically  similar,  or  perhaps  over¬ 
lapping  (Harcum  &  Hartman,  1961).  The  type  of  learning  task  referred 
to,  called  serial  learning,  requires  a  subject  to  memorize  by  rote  a  series 
of  items  so  that,  when  the  individual  items  are  presented  to  him  in  order, 
he  can  correctly  anticipate  each  subsequent  item  by  reproducing  it  before 
it  actually  appears.  The  perceptual  task  to  which  we  referred  is  called 
tachistoscopic  pattern  perception.  In  this  task  a  horizontal  array  of  visual 
elements  is  briefly  flashed,  and  the  observer  is  required  to  reproduce  as 
many  of  the  elements  as  he  can  after  the  exposure. 

The  phenomenon  that  suggested  the  commonality  of  these  mechanisms 
was  the  curious  similarity  between  the  distribution  of  errors  among  ele¬ 
ments  in  the  reproduction  of  the  visual  patterns  and  the  distribution  of 
failures  to  correctly  anticipate  individual  items  in  the  serial  learning  task. 
As  these  functions  of  errors  per  stimulus-element  are  usually  plotted,  the 
ordinate  represents  correct  responses,  and  the  abscissa  represents  either 
serial  position  of  items  to  be  learned,  or  ordinal  position  from  the  left  for 
elements  in  the  perceptual  task.  The  functions  of  both  tasks  show  best 
performance  at  the  left  on  the  abscissa  scale,  progressively  deteriorating 
performance  to  a  position  past  the  middle  scale,  and  then  steady  improve¬ 
ment  to  the  end.  The  basic  question  is  whether  there  is  just  a  superficial 
parallel  between  these  two  distributions  of  errors,  or  whether  there  are 


EDITOR’S  NOTE 

This  paper  is  a  shorter  version  of  a  paper  read  at  the  1964  meeting  of  the  Virginia 
Academy  of  Science,  Charlottesville,  Virginia,  May  8,  1964,  for  which  the  author  received  the 
J.  Shelton  Horsley  Award.  It  is  published  at  my  request. 

1.  This  research  was  supported  by  a  PHS  research  grant  (HD  00207-04)  from  the  Institute 
Child  Health  and  Human  Development,  Public  Health  Service. 

2.  Actually,  in  the  longer  version  of  this  paper,  two  other  derivations  of  the  perceptual 
curve  were  described,  in  addition  to  the  Harcum  and  Hartman  (1961)  technique. 
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actually  important  common  or  similar  mechanisms  in  the  formally  different 
tasks. 

The  practical  significance  of  this  problem  involves  both  the  develop¬ 
ment  of  skill  in  reading  and  the  development  of  learning  ability.  Per¬ 
formance  in  tachistoscopic  pattern  perception  has  been  shown  to  be  related 
to  reading  skill  (Crosland,  1939)  and  to  educational  level  (Dyer  & 
Harcum,  1961;  Forgays,  1953).  Performance  in  serial  learning  has  also 
been  related  to  educational  level  (Lepley,  1934).  A  better  understanding 
of  the  actual  psychological  mechanisms  in  reading  and  in  the  learning  tasks 
will  aid  in  the  development  of  improved  laboratory  techniques  for  investi¬ 
gating  these  processes,  and  for  improved  classroom  methods  for  the  teach¬ 
ing  of  reading  and  study  techniques. 

Certainly  the  relevance  of  memory  variables  to  perceptual  accuracy 
is  intuitively  obvious.  Such  a  relation  has  in  fact  been  accepted  for  many 
years  (e.g,,  Woodworth,  1938,  pp.  742-743).  The  present  paper  examines 
analytically  and  quantitatively  the  parrallels  and  differences  between  the 
“learning”  and  the  “perception”  tasks,  and  presents  experimental  evidence 
supporting  the  existence  of  common  mechanisms,  with  the  purpose  of 
deriving  suggestions  about  the  nature  of  the  mechanisms. 

A  number  of  formal  dissimilarities  between  the  perception  and  the 
learning  tasks  are  obvious.  For  example,  the  stimulus-elements  in  the 
perceptual  task  are  exposed  at  different  spatial  positions,  possibly  involv¬ 
ing  differential  visual  sensitivity  for  the  individual  elements.  Therefore, 
the  perceptual  data  may  have  to  be  corrected  for  effects  of  visual  sensitivity 
before  comparison  to  the  learning  data.  Another  difference  between  the 
two  tasks  is  in  the  temporal  mode  of  presentation.  All  elements  in  the 
visual  patterns  are  exposed  simultaneously,  whereas  for  serial  learning  the 
presentation  of  items  is  in  a  temporal  sequence.  This  difference  is  actually 
more  apparent  than  real  because  the  perceptual  process  also  involves 
temporal  components  which  may  continue  for  a  short  while  even  after  the 
physical  pattern  has  been  removed  (e.g.,  Ayres  &  Harcum,  1962;  Brvden, 
1960;  Harcum  &  Jones,  1962;  Heron,  1957).  This  spatial-temporal 
mechanism  in  the  perception  of  tachistoscopic  patterns  means  that  it  too 
should  be  conceptualized  as  a  serial  process. 

Evidence  for  Common  Mechanism 

In  the  present  paper  two  lines  of  research  concerning  the  possibility 
of  common  mechanisms  are  discussed.  The  first  line  of  investigation  has 
been  to  determine  if  the  data  of  serial  learning  and  tachistoscopic  pattern 
perception  respond  similarly  to  manipulation  of  the  same  variable.  The 
second  has  been  to  examine  different  independent  sets  of  data  for  parallels 
in  the  element-position  functions  of  errors  for  serial  learning  and  pattern 
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perception,  after  the  perceptual  data  has  been  in  some  manner  adjusted  for 
possible  differential  effects  of  visual  sensitivity. 

Response  to  the  same  variable.— The  technique  used  by  Miss  Hartman 
and  me  in  the  earlier  attempt  to  demonstrate  commonality  of  mechanisms 
was  to  determine  whether  the  data  of  these  apparently  different  psycho¬ 
logical  tasks  were  affected  similarly  by  what  is  known  as  the  “isolation” 
of  elements  (Harcum  &  Hartman,  1961).  In  serial  learning  when  one  of 
the  items  is  made  heterogeneous  with  respect  to  the  other  items  of  the  list 
(i.e.,  “isolated”)  the  usual  result  is  a  reduction  in  the  number  of  errors 
from  what  is  ordinarily  made  at  that  element-position.  This  result  has  been 
called  the  "‘isolation-effect”  in  serial  learning.  Miss  Hartman  and  I  failed 
to  find  such  an  isolation-effect  in  visual  pattern  perception,  however. 
The  factor  which  was  missing  from  our  study,  and  which  is  apparently 
necessary  for  the  appearance  of  an  isolation-effect,  was  the  possession  by 
the  observer  of  prior  knowledge  about  the  isolation  before  the  pattern 
was  exposed.  Since  in  the  perceptual  task  different  elements  were  isolated 
on  different  exposures,  the  observer  could  not  know  beforehand  which  ele¬ 
ment  was  isolated.  On  the  other  hand,  in  the  serial-learning  task  the 
subject  is  shown  the  series  many  times  in  succession  until  he  can  reproduce 
it  to  some  criterion  of  accuracy.  Thus,  he  can  know,  on  all  but  the  first 
presentation  of  the  series,  which  item  is  isolated. 

To  determine  whether  prior  knowledge  of  the  isolation  is  necessary 
for  the  isolation-effect,  a  recent  study  on  pattern  perception  from  this 
laboratory  employed  isolation  and  non-isolation  conditions  in  blocks  of 
exposures  so  that  the  observer  could  know  before  exposure  which  element 
was  to  be  isolated.  An  isolation-effect  in  the  perceptual  task  was,  in  fact, 
found  under  these  conditions.  Therefore,  when  certain  critical  conditions 
are  met,  an  isolation-effect  similar  to  the  one  found  in  serial  learning  is 
found  in  the  perceptual  task,  and  the  argument  for  commonality  in  the 
underlying  mechanisms  is  supported. 

Parallels  in  data-f unctions. —In  our  study,  Miss  Hartman  and  I  did 
obtain  data  showing  a  parallel  between  the  element-position  functions  of 
serial  learning  and  pattern  perception.  By  applying  an  adjustment,  de¬ 
rived  from  our  own  data,  for  the  differences  in  visual  sensitivity  for  elements 
at  different  positions  in  the  visual  field,  we  obtained  a  function  of  errors 
per  element-position  which  was  virtually  identical  to  the  classical  curve  of 
errors  per  item  in  serial  learning. 

Several  other  methods  in  this  laboratory  have  proved  successful  in 
deriving  element-position  curves  of  pattern  perception  for  comparison  to 
curves  of  errors  per  item-position  in  serial  learning.  Only  one  of  these 
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ELEMENT-POSITION 

Comparison  of  data  from  the  perception  of  binary  patterns  after 
Camp  (1961)  to  the  serial-learning  data  of  McGourty  (1940). 
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curves  will  be  mentioned  here,  however.2  This  curve,  shown  by  the  solid 
line  in  Fig.  1,  was  obtained  from  one  observer  who  was  required  to  repro¬ 
duce  patterns  of  ten  open  and  filled  circles  appearing  in  different  expo¬ 
sures  at  various  horizontal  orientations  about  the  point  of  ocular  fixation 
(Camp,  1961).  The  main  effects  of  differential  visual  sensitivity  for  the 
individual  elements  within  the  pattern  were  cancelled  by  having  each 
element-position  within  the  pattern  appearing  at  the  various  possible  loca¬ 
tions  within  the  visual  field  an  equal  number  of  times.  The  final  function, 
therefore,  provides  a  direct  comparison  to  learning  data,  uncontaminated 
by  differential  visual  sensitivity  for  different  elements.  The  ordinate  at 
the  left  in  this  figure  represents  the  percentage  of  the  total  errors  in  percep¬ 
tion  which  appeared  at  each  element-position.  The  dashed  line  repre¬ 
sents  the  data  from  a  serial-learning  task,  for  which  the  ordinate  at  the  right 
represents  the  percentage  of  the  total  correct  responses  (plotted  inversely) 
at  each  element-position.  The  perceptual  and  the  learning  curves  are 
obviously  quite  similar. 


Discussion 

The  suggestion  of  overlapping  or  common  mechanisms  in  serial¬ 
learning  and  in  tachistoscopic  pattern  perception  has  been  supported  by  the 
foregoing  analyses.  These  processes  appear  to  be  related  to  the  dynamic 
organizational  properties  of  memory,  which  include  components  of  element 
discrimination  and  related  components  of  selective  attention.  An  asso¬ 
ciative  interference  or  confusability  among  the  items  as  they  are  more 
remote  from  the  mnemonic  anchor-points  provided  by  the  ends  of  the  array, 
may  cause  the  greater  difficulty  of  reproducing  the  elements  near  the  mid¬ 
dle  of  an  array  of  stimulus-elements.  The  habits  of  the  subject  in  selecting 
the  left  elements  in  a  visual  pattern,  or  the  first  items  in  a  series,  as  those  to 
be  attended  to  first,  may  cause  the  asymmetry  in  the  functions.  The  ten¬ 
dency  to  attend  to  the  left  in  perception  may,  in  turn,  be  attributed  to 
habits  of  reading  from  left  to  right,  since  observers  who  are  accustomed  to 
reading  from  right  to  left  tend  to  reproduce  the  elements  on  the  right 
wihin  visual  patterns  more  accurately  (Harcum  &  Friedman,  1963). 
Apparently,  the  primacy  in  attention  of  certain  elements  causes  these  ele¬ 
ments  to  be  reproduced  more  accurately. 

The  psychological  processes  which  determine  performance  on  these 
tasks  may  be  subsumed  under  the  general  rubric  of  information  transla¬ 
tion.  In  other  words,  they  involve  mediational  mechanisms  of  the  central 
nervous  system,  more  than  mere  sensory  or  peripheral  mechanisms.  The 
specific  manner  with  which  the  individual  is  presented  information  for  sub¬ 
sequent  reproduction  does  not  provide  the  important  variables  determining 
the  responses.  The  most  important  variables  involve  the  manner  in  which 
the  subject  organizes  and  stores  information  in  memory.  The  present 
approach,  therefore,  emphasizes  the  importance  of  '‘perceptual”  organizing 
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factors  in  serial  learning,  and  of  “mnemonic”  factors  in  the  reproduction  of 
tachistoscopic  patterns. 
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The  chemistry  of  the  upper  atmosphere  is  a  vast  field  abounding  in 
research  problems.  The  solar  ultraviolet  rays  dissociate  oxygen  molecules, 
ionize  nitrogen  molecules,  and  provide  the  energy  for  many  other  photo¬ 
chemical  processes.  At  upper-atmosphere  densities  which  approach  or 
surpass  that  of  a  good  laboratory  vacuum,  chemical  recombination  reac¬ 
tions  are  slow  and  free  radicals  constitute  large  portions  of  the  air.  Pro¬ 
cesses  such  as  the  diffusive  transport  of  the  chemical  enthalpy  stored  in  the 
upper  atmosphere  add  to  the  interest  and  complexity  of  the  tenuous  me¬ 
dium. 


Atmospheric  Structure  and  Composition 

It  is  of  interest  to  examine  briefly  the  structure  of  our  atmosphere. 
We  recall  that  density  falls  off  by  a  factor  of  ten  with  roughly  every  ten 
miles  of  altitude  increase.  The  hydrostatic  equation  and  the  perfect-gas 
law  would  tell  a  more  accurate  story,  but  we  shall  not  require  this. 

Consider  now  (fig.  1)  the  variation  of  temperature  with  altitude.* 
Long-wave  radiation  emitted  principally  by  H20  and  C02  keep  the  tropo- 

o 

pause  temperature  low.  Absorption  of  2000  -  3000A  u.v.  radiation  by 
ozone  warms  the  stratopause.  Airglow  radiations  by  the  hydroxyl  radical, 

o 

OH  (infra-red),  atomic  oxygen,  0(5577A  forbidden  transition),  atomic 
sodium,  Na  (D-lines),  etc.  cool  the  mesopause.  The  thermosphere  ab- 

o 

sorbs  nearly  all  waves  shorter  than  2000  A. 

We  shall  be  particularlv  interested  in  altitudes  above  90  km.  where 
the  oxygen  is  largely  dissociated.  To  most  atmosphericists,  the  upper  at¬ 
mosphere  starts  here  or  perhaps  at  some  lower  altitude  of  special  signifi¬ 
cance. 

The  first  measure  of  atmospheric  composition  is  the  mean  molecular 


*The  temperature  nomenclature  in  figure  1  originated  with  M.  Nicolet.  Although  it  is 
especially  adaptable  to  the  U.  S'.  Standard  Atmosphere,  1962,  the  nomenclature  is  not  uni¬ 
versally  accepted. 
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weight  (fig.  2),  which  is  shown  here  as  a  function  of  altitude.  Below 
90  km.,  turbulent  mixing  and  recombination  win  out  over  diffusive  separa¬ 
tion  and  photodissociation  of  oxygen,  respectively,  in  maintaining  practi¬ 
cally  a  constant  molecular  weight.  Above  90  km.,  the  oxygen  recombina¬ 
tion  is  not  fast  enough  to  remove  the  atomic  oxygen— even  by  the  end  of 
night. 

Diffusive  separation  becomes  increasingly  effective  and  above  120 
km.  each  species  is  settled  out  by  gravity  (according  to  its  molecular 
weight)  independently  of  the  others.  Moreover,  turbulence  is  generally 
absent  above  120  km. 

Some  important  processes  for  the  absorption  of  solar  radiation  are 
listed  in  figure  3.  The  Herzberg  absorption  cross-section  is  relatively  small, 
but  this  provides  enough  atomic  oxygen  to  maintain  the  small  but  important 
concentration  of  ozone  in  the  stratosphere.  On  the  other  hand,  absorption 
in  the  Schumann-Runge  continumm  is  strong  and  these  wavelengths  are 
mostly  absorbed  in  the  thermosphere,  thereby  replenishing  the  supply  of 
atomic  oxygen  above  90  km.  altitude  each  day. 

Some  photochemical  processes  utilizing  shorter  wavelengths  are  also 
shown  in  figure  3. 


Chemical  Release  Experiments 

Laboratory  simulation  of  the  upper  atmosphere  is  generally  difficult 
and  rocket-borne  experiments,  usually  backed  up  by  ground-based  equip¬ 
ment,  are  frequently  essential  to  an  atmospheric  research  program. 

This  paper  will  describe  an  experimental  technique  for  measuring 
winds  and  other  properties  at  night  at  altitudes  greater  than  approximately 
90  km.  The  technique  complements  the  well-known  sodium  vapor  trail 
technique  which  is  applicable  at  twilight.  Whereas  the  sodium  method 
is  based  upon  resonant  scattering  of  the  D-lines  at  twilight,  the  technique 
to  be  described  utilizes  a  chemiluminescent  gas  trail  whose  behavior  is 
observable  at  night. 

The  energy  for  the  chemiluminescent  gas  reaction  is  derived  from  the 
chemical  energy  stored  in  the  upper  atmosphere  in  the  form  of  atomic 
oxvgen. 

The  relative  abundance  of  species  is  shown  (fig.  4)  in  relation  to  alti¬ 
tude.  Dissociation,  ionization,  and  diffusive  separation  (or  “settling  out” 
according  to  molecular  weight)  largely  account  for  the  relative  abundances 
of  the  atmospheric  species  at  various  levels.  Note,  for  example,  that  O 
is  more  abundant  than  N2  above  about  300  km.  An  important  change  of  a 
different  type  takes  place  at  a  higher  altitude.  The  exosphere,  where 
(neutral)  particles  follow  ballistic  paths  and  practically  never  collide,  has 
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its  base  at  about  550  km.  At  still  higher  altitudes  charged  particles  pre¬ 
dominate  and  the  effect  of  the  geomagnetic  field  is  profound. 

Let  us  return  to  the  technique  for  measuring  winds  in  the  lower 
heterosphere,  that  is,  above  90  km.  The  practicability  of  the  chemilumi¬ 
nescence  technique  was  demonstrated  in  1956  by  J.  Pressman  et  al.  (1957) 
of  Air  Force  Cambridge  Research  Center  in  an  experiment  in  which  nitric 
oxide  was  released  above  100  km.  altitude  and  produced  chemilumi¬ 
nescence  which  lasted  for  several  minutes.  Since  that  time  Air  Force 
Cambridge  Research  Center  has  conducted  similar  experiments  with  other 
chemicals,  for  example,  ethylene,  a  mixture  of  sodium  and  thermite,  carbon 
disulfide,  and  trimethyl  aluminum.  The  most  successful  of  these  was  tri¬ 
methyl  aluminum  (Rosenberg  et  al .,  1963a);  above  100  km.  altitude  the 
duration  of  the  glow  was  more  than  adequate  for  wind  measurements. 
However,  the  preparation  of  a  rocket  payload  of  trimethyl  aluminum  is  very 
hazardous  and  presents  a  serious  safety  problem  to  a  group  desiring  to  carry 
out  routine  upper-atmosphere  measurements. 

Figure  5  shows  in  greater  detail  the  basis  for  the  upper-atmosphere 
research  technique  of  interest  here.  It  should  be  noted  that  the  chemical 
X  may  actually  be  a  product  of  the  initial  reactions  of  the  released  chemical 
(say,  trimethyl  aluminum)  with  the  ambient  atomic  oxygen.  X  is  typi¬ 
cally,  although  not  necessarily,  a  monoxide  such  as  NO  or  AlO.  The 
latter  can  be  produced  directly  by  a  thermite  reaction  (followed  by  rapid 
expansion  into  the  near-vacuum  above  100  km.). 

If  the  bond  energy  of  XO  is  less  than  2.3  electron  volts,  the  Oa  pro¬ 
duced  in  the  second  reaction  in  figure  5  may  be  in  an  excited  electronic 
state  (^g+)  leading  to  the  emission  of  the  Kaplan-Meinel  bands  (the  visi- 

o 

ble  ones  of  the  “atmospheric  bands,”  around  5380-7710A).  Indeed,  this 
may  acount  for  most  of  the  radiation  if  the  first  reaction  is  extremely  slow 
and  if  XO  is  released  directly  or  is  formed  in  another  way  (e.g.,  as  an  ini¬ 
tial  product— as  noted  above).  Finally,  the  second  reaction  in  figure  5  may 
leave  X  in  an  excited  stated  and  Oa  in  the  ground  state;  X  could  then 
radiate. 


Langley  Research  Center  Efforts 

The  measurement  of  winds  by  cloud  movement  and  triangulation  from 
ground  stations  is  generally  straightforward.  The  inference  of  other  at¬ 
mospheric  properties,  however,  requires  an  adequate  mathematical  theory 
which  takes  into  account  cloud  dynamics,  diffusion,  chemical  reaction, 
and  radiation— all  in  proper  relation  to  the  ambient  atmospheric  medium. 

Laboratory  studies  of  reaction  kinetics  related  to  these  experiments 
have  been  carried  out  by  Professor  H.  I.  Schiff  at  McGill  University  and 
Professor  P.  Harteck  and  Rensselaer  Polytechnic  Institute. 
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In  1960  the  authors,  at  NASA’s  Langley  Research  Center,  became 
interested  in  developing  a  workable  chemical-release  technique  for  studying 
the  upper  atmosphere.  A  chemical  which  would  be  a  more  efficient  chemilu¬ 
minescent  agent  and  diffuse  more  slowly  was  sought.  A  combination  of 
theoretical  and  practical  considerations  resulted  in  the  selection  of  lead  and 
bismuth  for  further  study.  At  NASA’s  request,  Harteck,  Reeves,  and 
Albers  of  RPI  subsequently  demonstrated  the  chemiluminescence  of  both 
lead  and  bismuth  in  the  presence  of  atomic  oxygen  at  a  laboratory  vessel 
pressure  equivalent  to  about  75  km.  altitude  (unpublished  results). 

A  bismuth  vaporizer  was  developed  at  Langley  and  was  based  upon 
reducing  Bi203  with  magnesium.  Bismuth  vapor  released  at  111  km.  and 
at  121  km.  over  Wallops  Island,  Virginia  in  November  1962  produced  weak 
glows  which  were  of  one  minute  or  less  in  duration.  Photographic  records 
were  obtained,  but  these  were  not  satisfactory  for  measuring  winds. 

The  development  of  a  Pb02,  Mg  lead  vaporizer  was  abandoned  when 
two  full-size  payloads  spontaneously  ignited  during  the  curing  period  for 
evaporating  the  binder  solvent. 

On  the  basis  of  laboratory  studies  which  showed  that  sulfur  vapor 
was  chemiluminescent  in  the  presence  of  atomic  oxygen  at  low  pressures, 
Harteck  suggested  releasing  sulfur  in  the  upper  atmosphere  in  the  form  of 
CS2.  Both  the  Langley  experiments  and  the  Air  Force  Cambridge  Research 
Center  experiment  of  this  type  were  surprisingly  disappointing  in  yielding 
negligible  chemiluminescence  in  the  upper  atmosphere. 

The  release  of  lead  in  the  form  of  the  organo-metallic  tetra-alkyl  com¬ 
pounds  had  been  considered  at  Langley  but  abandoned  because  of  the 
toxicity  of  the  liquids.  NASA  interest  in  this  was  renewed  by  the  Air  Force 
Cambridge  Research  Laboratories  experiment  with  trimethyl  aluminum. 

Thus,  in  the  search  for  a  satisfactory  chemiluminescent  agent,  the 
Langley  Research  Center  released  tetramethyl-lead  vapor  trails  in  the  lower 
heterosphere  during  two  nighttime  (early  morning)  experiments  on 
January  22,  1964.  In  each  experiment  about  22  lbs.*  of  liquid  Pb(CH3)4 
were  carried  aloft  by  the  type  of  rocket  shown  in  figure  6.  The  visible 
chemical  trail  extended  from  an  altitude  of  about  89  km.  to  113  km.  from 
the  first  release  at  12:37  a.m.  EST  and  from  an  altitude  of  107  km.  to  125 
km.  from  the  second  release  at  1:10  a.m.  EST.  The  two  trails  are  shown 
in  time  sequences  in  figures  7(a-c)  and  7(d-f).  The  glow  in  each  case 
persisted  for  approximately  two  minutes  before  fading  beyond  visibility. 

Triangulation  techniques  are  used  to  determine  the  trail  positions  in 


*  Since  no  heat  was  supplied  to  the  liquid  in  advance  of  release,  the  vaporization  was  probably 
not  complete. 
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space  from  simultaneous  photographs  taken  at  widely  separated  and  known 
locations  (Cooksey  et  al.,  1964).  For  the  present  experiments,  the  photo¬ 
graphic  observations  and  the  subsequent  calculations  for  the  wind  veloc¬ 
ities  were  supervised  bv  Dr.  Howard  D.  Edwards  of  the  Georgia  Institute 
of  Technology  under  contract  to  the  NASA  (Edwards,  1964).  The  wind 
measurements  which  resulted  from  these  observations  are  shown  in  figures 
8  and  9.* 

The  predominant  feature  of  the  wind  profiles  shown  in  figure  8  is  the 
region  of  maximum  wind  speed  which  was  measured  near  110  km.  on  both 
flights.  Above  and  below  this  altitude  region,  the  wind  speed  is  relatively 
small.  These  characteristics  are  consistent  with  other  high  altitude  wind 
measurements,  for  example,  the  sodium  trail  measurements  reported  by 
Manring  et  al.  (1964)  and  Kochanski  (1964)  and  the  tri-methyl  aluminum 
trails  noted  by  Rosenberg  et  al.  1963b. 

Another  feature  of  figure  8  is  the  large  change  in  the  East- West  com¬ 
ponent  of  the  wind  velocitv  at  altitudes  near  108  km.  over  the  short  time 
interval  between  the  two  trails.  The  figure  indicates  that  the  velocities 
varied  from  a  westerly  component  of  60  to  80  mps  to  an  easterly  component 
of  nearly  120  mps  in  30  minutes.  The  North-South  component  also  in¬ 
creased  in  magnitude  by  almost  50  percent  during  this  time  interval.  Inas¬ 
much  as  the  maximum  errors  associated  with  these  measurements  are  esti¬ 
mated  to  be  10  mps,  large  variabilities  in  the  wind  components  appear  to 
be  indicated  by  figure  8. 

The  hodograph  type  of  plot  of  the  wind  data  in  figure  9  illustrates 
quite  clearly  the  large  variability  in  the  wind  speed  and  direction  with  alti¬ 
tude,  particularly  for  altitudes  up  to  wind  maximum  at  110  km.  Several 
spiral-like  variations  appear  in  figure  9  at  the  lower  altitudes  of  the  first 
release  and  indicate  the  existence  of  rather  strong  wind  shears.  The  con¬ 
tinuous  spiraling  change  of  direction  with  height  accompanied  by  a  grad¬ 
ually  increasing  wind  speed  until  a  maximum  is  reached  close  to  110  km. 
is  typical  of  a  number  of  other  nighttime  and  twilight  trail  measurements 
reported  by  Manring  et  al.  (1964),  Kochanski  (1964)  and  Rosenberg  et  al. 
(1963b).  The  near  midnight  wind  patterns  over  Wallops  Island,  Virginia, 
obtained  from  the  present  tetramethvl-lead  vapor  trails  are  thus  quite 
similar  in  many  respects  to  the  twilight  wind  measurements  obtained  from 
sodium  trails  at  the  same  location  and  to  nighttime  measurements  at  more 
southern  latitudes. 


*The  data  used  in  figures  8  and  9  were  the  same ;  only  the  methods  of  graphical  repre¬ 
sentation  are  different.  Positive  members  correspond  to  Mind  components  toward  the 
North  or  East. 
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Conclusion 

Further  work  in  the  chemical-release  field  is  planned  at  Langley 
Research  Center.  This  will  probably  include  the  consideration  of  other 
chemicals,  engineering  improvements,  and  the  development  of  an  adequate 
mathematical  theory. 
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GEOMETRIC  TEMPERATURE  NOMENCLATURE 

ALTITUDE, 

KM 


FIGURE  1 


MEAN  MOLECULAR  WEIGHT 


FIGURE  2 
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SOME  ABSORPTION  PROCESSES  OF  THE 
UPPER  ATMOSPHERE 
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PRINCIPAL  SPECIES  IN  ATMOSPHERIC  LAYERS 
(Approximate) 
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PHOTO-CHEMICAL  EXPERIMENTS  (NIGHT) 


1.  Release  Chemical  (X)  ~  Altitude  100 —  150  km 

2.  Chemiluminescent  Gas  Reaction  Ensues: 

X  -f-  0  — »  X0  -f-  hv  (Photon  Emitted) 

Ambient 

X0  -f-  0  — »  X  +  02  (Catalyst  Restored) 


3.  Observe  Cloud  Movement,  Expansion,  Spectrum  and  Infer  Winds, 
Pressure,  Diffusion  Coefficient,  Composition 


Figure  5 
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FIGURE  6  NIKE-CAJUN 
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FICURE  7 A 


FIGURE  7B 
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FIGURE  7D 


FIGURE  7F 
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8.— North-South  and  East-West  Components  of  the  Wind  Velocity 
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FIGURE  9.— Hodograph  of  Wind  Velocity 
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1.  Introduction  and  Summary 

Throughout  the  literature  one  finds  that  the  upper  percentage  points 
for  a  number  of  statistics  expressible  as  maxima  have  been  tabulated, 
usually  by  various  special  methods.  There  is,  however,  a  general  approach 
often  useful  in  providing  good  approximations.  This  general  procedure  is 
often  referred  to  as  the  principle  of  inclusion  and  exclusion.  This  principle 
provides  a  very  general  method  for  the  calculation  of  upper  percentage 
points,  say  Aa  ,  for  statistics  expressed  as  maxima.  Coupled  with  the  Bon- 
ferroni  inequalities,  this  procedure  allows  one  to  establish  upper  and  lower 
bounds  to  \a  . 

This  procedure  is  demonstrated  by  the  construction  of  a  test  for  the 
detection  of  an  outlier  to  the  rie;ht  based  on  the  detection  of  an  outlier  to 
the  right  based  on  the  extreme  normal  deviate  from  the  sample  mean  with 
an  independent  estimate  of  variance.  A  simplification  for  the  lower  bound 
to  Xa  is  discussed.  Also,  a  listing  of  applications  is  presented. 

2.  Methodology 

The  principle  of  inclusion  and  exclusion  has  many  forms,  each  of 
which  plays  an  important  role  in  statistics.  This  paper,  however,  is  con¬ 
fined  to  the  consideration  of  a  set  of  symmetric  events  (i=l,  .  .  .  ,  n). 
The  probability  of  the  union  of  such  a  set  of  events  may  be  written  as 

(1)  n  Pr(Ax)  -  (?)  Pi^AjA,)  +  •••  +  (-!  )n^  Pr(Ax  .  .  .  A„) 

Now  define  as  the  event  Zt  >  A  where  is  a  random  variable 
and  A  is  a  positive  constant.  Since  the  realization  of  the  union  of  a  set 
of  events  means  that  at  least  one  event  must  occur,  Pr(Zmax  >  A)  is 
equivalent  to  (1).  For  other  forms  of  the  principle  of  inclusion  and 
exclusion  see,  for  example,  Feller,  1950. 


*Research  supported  by  the  National  Institutes  of  Health  and  the  Office  of  Ordnance 
Research,  U.  S.  Army. 
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Applying  Bonferroni’s  inequalities  to  the  above  result,  we  obtain 

(2)  nPrfAi)  >Pr(Zmax>  A)  ^nP^A,)  -  (*)  Fr  (A^) 

This  is  the  basic  relationship  of  this  paper. 

Clearly,  the  LHS  of  (2)  may  be  set  equal  to  the  desired  level  of 
significance,  a,  and  solved  for  an  upper  limit  to  Aa  .  A  lower  limit  to 
Aa  may  be  similarly  obtained  by  setting  the  RHS  to  a  .  The  upper  bound 
requires  only  the  knowledge  of  the  distribution  of  the  variates,  Zj  ,  under 
consideration.  The  lower  bound,  however,  requires  also  the  joint  dis¬ 
tribution  of  pairs  of  the  variates  and  may  be  difficult  to  evaluate.  The 
upper  bound  alone  often  suffices  for  the  use  of  Zmax  as  a  test  criterion 
unless  great  accuracy  is  desired. 

A  simplified  lower  bound  can  be  obtained  when  the  inequality 

(3)  Pr(A1A2)  <  Pr(A1)Pr(A2) 

holds,  for  then  it  may  be  used  in  (2)  to  obtain 

(4)  nPr ( A, )  5  Pr(Zmax  >  \)>  nPr(A1)  -  (”)  [pIaJP. 

Now  if  \a  is  determined  such  that  the  probability  of  every  event 
Aj  under  the  null  hypothesis  is  equal  to  a/n,  we  have 

a  >  Pr(Zmax  >  Aa)>  a  -  n-1  a2 

2n 

or  for  n  >  2  and  a  =  0.5,0.01 

0.05  0.04875 

}  >  Pr(Zmax  >  Aa)  >  { 

0.01  0.00995 

The  importance  of  statistics  expressible  as  maxima  is  well  known. 
The  upper  percentage  points  of  such  statistics  are  most  generally  used 
as  a  test  for  a  sample  outlier  or  for  a  slippage  test  on  a  set  of  means. 
The  following  sequential  test  procedure  is  appropriate  for  such  applica¬ 
tions.  This  procedure  insures  a  controlled  overall  level  of  significance 
of  <  a  . 

Given  a  ranked  set  of  n  variates,  say  Z(x)  ,  Z(2)  ,  .  .  .  ,  Z(n)  with 
Z(j)  being  the  largest,  compute  Aa.  Compare  Z(1)  to  Aa.  If  Z(x) 
is  significant,  exclude  Z(1)  from  the  set  and  calculate  a  new  Aa  based 
on  n-1  variates.  Compare  Z(2)  with  the  new  Aa;  and  so  on,  until  a 
nonsignificant  value  is  found. 
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Consider  the  random  sample  of  n  observations  xx  ,  x2  ,  .  .  .  ,  xn  drawn 
from  a  normal  population  with  unknown  variance  cr2.  Let  Sv2  be  an 
estimate  of  tr2,  independent  of  the  x’s,  and  such  that  vS^/cr2  is  a  chi- 
squared  variate  based  on  v  degrees  of  freedom.  To  construct  an  out¬ 
lier  test  based  on  the  extreme  deviate  from  the  sample  mean,  consider 
the  following  statistic. 

From  the  ratio  of  the  standard  normal  variate,  (xj  —  x)  /  \/ (n-1)  /n<j, 


to  the  chi  variate 
we  obtain 


VvS ,  , 

V/O- 


over  the  root  of  its  degrees  of  freedom,  \/v  , 


which  is  clearly  the  usual  Student’s  t  variate  with  v  degrees  of  freedom. 
Zmax  is  clearly  suitable  for  the  detection  of  an  outlier  to  the  right. 

Now  defining  A4  as  the  event  >  A  ,  we  have 

Pr  ( Ai )  =  JC°p(t)dt 
A 


and 


oo  co 

Pr(A1A2)=J  S  P (ti  t2) dti  dt2 
A  A 

where  p(t)  is  the  usual  Student’s  t  density  with  v  degrees  of  freedom  and 

,  ,  1  ,,  ,  t12-2ptlt2  +  t22  -i(v+2) 

p(ti  t2)  = -  (1  H - 

2  7T  V  1  -  p2  v(  1 - p2) 

with  n  =: - .  (This  bivariate  t  density  is  derived  by  Dunnett  and 

n — 1 

Sobel,  1954). 

These  probability  statements,  when  substituted  into  (2),  allow  the 
calculation  of  upper  percentage  points  to  Zmax;  hence  th  oeutlier  test  (see, 
David,  1956b,  for  tables). 
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4.  Applications 

This  procedure  for  the  determination  of  upper  percentage  points  to 
statistics  expressed  as  maxima  has  been  applied  to  the  following  situations: 

The  extreme  normal  deviate  from  the  sample  mean 

a)  variance  known  (David,  1956a) 

b)  variance  estimated  independently  (David,  1956b) 

c)  pooled  variance  estimate  (Quesenberry  and  David,  1961; 

Doornbos  and  Prins,  1956) 

d)  absolute  deviate  (Halperin  et  al.,  1955) 

Slippage  of  means 

a)  equal  sample  sizes  (Quesenberry  and  David,  1961) 

b)  unequal  sample  sizes  (Quesenberry  and  David,  1961) 

c)  as  a  multiple  decision  procedure  (Paulson,  1952b 

d)  comparing  k-1  categories  to  a  control  (Paulson,  1952a) 

e)  categorical  frequencies  (Kozelka,  1956) 

Coch  ran’s  test  on  variances 

a)  equal  degrees  of  freedom  (Cochran,  1941;  Doornbos,  1956) 

b)  unequal  degrees  of  freedom  (Doornbos  and  Prins,  1956) 

Maximum  F-ratio 

(David,  1956a:  Hartley,  1955) 

Distribution  free  tests 

a)  Friedman’s  test  (Dornbos  and  Prins,  1958) 

b)  Kruskal- Wallis  test  (Doornbos  and  Prins,  1958) 

c)  paired  comparisons  (Huber,  1963) 

d)  Youden’s  extreme  rank  sum  test  (Thompson  and  Willke,  1963) 

5.  A  Further  Simplification 

The  determination  of  Xa  is  simplified  to  (4)  when  the  inequality 
Pr(A1A2)  <  Pr(Aj )Pr(A2)  holds.  The  validity  of  this  inequality  has 
been  established  for  all  of  the  applications  of  Section  4  with  the  excep¬ 
tion  of  two  cases.  However,  the  proofs  encountered  are  usuallv  of  con¬ 
siderable  length,  making  detailed  use  of  the  distribution  of  the  statistic 
under  consideration. 

The  two  exceptional  cases  are  that  of  the  extreme  normal  deviate 
from  the  sample  mean  with  an  independent  estimate  of  variance  as  in 
Section  3  and  the  maximum  F-ratio  which  occurs  in  analysis  of  variance 
when  performing  multiple  tests  of  significance.  Both  of  these  cases  con- 
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sider  statistics  comprised  of  a  denominator  independent  of  the  numerator. 
This  fact  leads  to  the  intuitive  argument  that  the  independent  denomina¬ 
tor  may  completely  override  the  numerator,  causing  the  inequality  to  be 
invalid.  The  following  general  argument  may  be  used  to  show  the 
inequality  is  invalid  for  the  maximum  F-ratio  but  holds  for  some  values 
of  the  parameters  for  the  example  in  Section  3. 

Let  x  and  y  be  two  independent  random  variables  with  the  same 
distribution;  also  let  s  be  a  random  variable,  independent  of  x  and  y 
with  not  necessarily  the  same  distribution.  Then 

(5)  Pr(—  >  c  r  —  >  c)  >  Pr( — >  c)  Pr(—  >  c)  , 
s  s  s  s 

where  c  is  some  constant.  This  result  is  established  by  writing  the 
inequality  ( 5 )  as 

/{Pr(x  >  cs  |  s)  }2  f  (s) ds  >  {JPr ( x  >  cs  |  s)f(s)ds}2 
or  equivalently, 

E{P(cs)  }2  >  [E  (P(cs)  }]2 
where  P(cs)  —  Pr(x  >  cs  }  s)  .  Clearly, 

E{P  (cs)  }2  —  [E{P(cs)  }]2  =  var  P(cs)  >0, 
hence  the  inequality  (5)  holds. 

The  above  argument  is  immediately  applicable  to  the  maximum 
F-ratio  with  the  variates  x,  v  and  s  being  independent  mean  square  esti¬ 
mates  of  an  unknown  variance  of  a  normal  population.  Since  the  inequal¬ 
ity  (5)  holds,  the  simplification  (4)  is  invalid. 

To  investigate  the  validity  of  the  simplification  for  the  example  of 
Section  3,  recall  that  x  and  v  are  correlated  random  variables,  distributed 
normally  with  means  zero  and  variances  a2;  also  a2  is  estimated  bv  s2 
where  vs2/o-2  is  a  chi-square  variate  with  v  degrees  of  freedom  and  is 
independent  of  x  and  v.  Since  x  and  v  are  correlated,  (5)  must  be 
written  as 

JPr(x  >  cs,  y  >  cs  |  s)f(s)ds  >  {/Pr(x  >  cs  |  s)f(s)ds)2. 

Consider 

sB  JPr (x  >  cs,  y  >  cs  |  s)f(s)ds —  {/Pr(x  >  cs  1  s)f(s)ds}2. 

Now  for  fixed  c,  Pr(x  >  cs,  y  >  cs  |  s)  is  a  continuous  monotonic 
increasing  function  of  p  (or  monotonic  decreasing  function  of  n  since 
p—  — l/(n —  1)).  It  follows  that  for  both  c  and  v  fixed 
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/  Pr (x  >  cs,  y  >  cs  |  s)f  (s)ds 

is  a  continuous  increasing  function  of  p  .  Conseqeuntly,  the  difference 
8  is  also  a  monotonic  increasing  function  of  p  . 

Since 


8  >  0  for  p  >  0, 

8  >  0  for  p  —  0, 

and 

8  =  —  {  /  Pr(x  >  cs  |  s)  f  (s)ds}2  for  p  =  — 1,  it 
follows  that  8  =  0  for  some  p  =  p  ( —  1  <  p  <  0)  and  that 

o  o 

8  >  0  for  p  >  p  . 

o 

Hence  for  fixed  c  and  v,  inequality  (5)  is  valid  when  p  >  p  . 

o 

Likewise,  if  c  and  p  (<  0)  are  fixed,  then  8  <  0  for  v  =  oo  . 

This  argument  points  out  that  the  inequality  (5)  holds  when  8  >  0. 
hence  the  simplification  (4)  is  not  valid  for  certain  values  of  the  param¬ 
eters  p ,  v ,  and  c. 
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It  was  reported  recently  that  hydrocortisone  acetate  effects  changes 
in  the  blood  picture  of  frogs,  Rana  pipiens  (Bennett  and  Alspaugh,  1964). 
The  changes,  especially  neutrophilia  and  lymphopenia,  were  similar  to  those 
which  are  known  to  occur  in  mammals  treated  with  some  of  the  adrenocorti¬ 
cal  steriods.  These  conclusions  were  based  on  the  comparisons  of  the  dif¬ 
ferential  counts  of  leucocytes  made  just  before  and  72  and  144  hours  after 
the  injection  of  the  hormone.  Comparable  data  for  control  animals  were 
not  available. 

The  present  study  was  undertaken  to  ascertain  whether  any  changes 
in  the  blood  picture  were  obvious  earlier  than  72  hours  after  injection,  and 
to  prove  whether  or  not  the  changes  were  the  effects  of  the  steroid  and  not 
merely  the  results  of  physical  manipulation  of  the  animals. 

Materials  and  Methods 

This  studv  was  conducted  essentially  as  was  that  of  Bennett  and 
Alspaugh  (1964).  However,  the  frogs  used  for  this  work  during  the 
period  from  February  through  May,  1964,  were  all  supplied  by  a  dealer  in 
Wisconsin.  They  were  kept  in  the  laboratory  in  a  small  amount  of  tap 
water  in  individual  containers  at  9.0  ±  0.5°  C.  Blood  smears  were  made 
for  each  animal  before  the  injection  of  0.5  cc.  of  distilled  water  (controls) 
or  0.5  cc.  of  a  0.2%  suspension  of  hvdrocortisone  acetate  in  distilled  water 
(experimentals) .  Twelve  hours  after  injection,  blood  was  drawn  from  the 
toes  of  eight  controls  and  ten  experimentals.  After  24  hours,  smears  were 
made  for  seven  different  controls  and  ten  different  experimentals,  and  after 
48  hours,  smears  were  prepared  of  the  blood  of  three  controls  and  five  ex¬ 
perimentals.  All  the  smears  were  stained  with  Wright’s  blood  stain,  and 
differential  counts  of  them  were  made  for  each  frog.  In  every  case,  the 
comparisons  presented  here  were  made  between  groups  of  control  and 
experimental  animals  which  had  been  handled  at  the  same  times,  i.e.,  at  0 
and  12  hours,  at  0  and  24  hours,  or  at  0  and  48  hours. 

Results  and  Discussion 

The  per  cent  distribution  of  neutrophils  and  lymphocytes  for  the  con¬ 
trol  and  experimental  frogs  of  the  three  groups  are  given  in  Table  1.  The 
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figures  for  the  monocytes,  eosinophils  and  basophils  have  not  been  included, 
for  in  all  cases,  the  numbers  of  these  cells  seen  were  very  low  and  their  per 
cent  distribution  changed  very  little.  Therefore,  the  decreases  in  the 
numbers  of  these  rarer  cells  found  in  the  blood  of  the  frogs  studied  earlier 
(Bennett  and  Alspaugh,  1964)  were  not  evident  in  that  studied  during  the 
spring  of  1964. 


Table  1.— The  average  per  cent  distribution  of  lymphocytes  and  neutrophils 
for  controls  (C)  and  experimental  (E)  and  the  average  per  cent  changes 
between  0  and  12,  0  and  24,  and  0  and  48  hours. 


Time 

Group 

%  Lymphocyte 

%  Change 

%  Neutrophil 

%  Change 

0 

C 

62.6 

35.6 

12 

C 

56.4 

-  9.9 

42.0 

+  17.9 

0 

E 

60.3 

38.1 

12 

E 

43.1 

-28.5 

55.6 

+46.0 

0 

C 

66.1 

30.6 

24 

C 

69.3 

+  3.2 

28.1 

-  8.0 

0 

E 

61.4 

34.9 

24 

E 

41.4 

-32.6 

57.0 

+68.4 

0 

C 

65.3 

33.3 

48 

C 

69.7 

+  6.7 

28.0 

-15.9 

0 

E 

70.0 

27.8 

48 

E 

41.2 

-41.1 

53.2 

+95.0 

Table  1.  also  includes  the  per  cent  changes  in  the  distribution  of  the 
lymphocytes  and  neutrophils  before  and  12,  24,  and  48  hours  after  the  time 
of  injection.  It  is  apparent  that  for  all  these  three  time  intervals,  the 
changes  in  the  numbers  of  these  cells  were  much  greater  for  the  experi¬ 
mental  than  for  the  controls.  Twelve  hours  after  injection,  the  number 
of  lymphocytes  was  less  than  it  was  before  injection  in  both  groups  of  ani¬ 
mals,  but  the  change  was  approximately  three  times  greater  in  the  blood 
of  the  frogs  which  had  received  hydrocortisone  than  in  that  of  those  which 
had  received  only  distilled  water.  After  24  and  48  hours,  the  lymphocytes 
had  decreased  substantially  in  numbers  in  the  experimentals  while  they  had 
increased  only  slightly  in  the  controls. 

Neutrophilia  was  apparent  in  the  blood  of  the  experimental  frogs  12, 
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24,  and  48  hours  after  injection.  There  was  an  increase  in  the  number  of 
neutrophils  at  12  hours  in  the  controls,  but  a  decrease  in  these  cells  was 
seen  at  24  and  48  hours.  These  changes  and  the  differences  between  them 
in  the  control  and  experimental  frogs  certainly  support  the  conclusion  that 
the  neutrophilia  and  lymphopenia  found  here  and  in  the  work  of  Bennett 
and  Alspaugh  (1964)  were  effected  by  the  steroid  which  was  administered, 
and  were  not  merely  the  results  of  injection  and  the  manipulation  of  the 
animals. 

The  magnitude  of  the  changes  recorded  for  the  experimental  frogs  at 
12,  24  and  48  hours  after  treatment  increased  with  time.  For  the  lympho¬ 
cytes,  by  12  hours  there  had  been  a  28.5%  decrease  in  number,  by  24  hours, 
a  32.6%  decrease,  and  by  48  hours,  a  41.1%  decrease.  Conversely,  the 
number  of  neutrophils  increased  by  46.0%  at  12  hours,  by  68.4%  at  24 
hours,  and  by  95.0%  at  48  hours.  The  results  of  the  study  of  Bennett  and 
Alspaugh  (1964)  indicated  a  29.0%  increase  in  neutrophils  at  72  hours 
and  a  45.0%  increase  at  144  hours.  Lymphocytes  decreased  by  20.4%  at 
72  hours  and  by  67.0%  by  144  hours  in  the  frogs  studied  in  1963.  It  is 
probable  that  a  direct  comparison  of  the  results  of  the  1963  and  1964  work 
should  not  be  attempted,  for  the  sources  of  the  animals  varied.  Most  of 
the  frogs  used  in  1963  came  from  a  supplier  in  North  Carolina;  only  three 
or  four  came  from  Wisconsin,  while  those  studied  in  1964  came  from 
Wisconsin.  Work  in  progress  in  our  laboratory  suggests  that  the  average 
normal  distribution  of  leucocytes  varies  between  these  two  groups  of  frogs. 
Nevertheless,  the  combined  results  of  the  two  studies  of  the  effects  of  hydro¬ 
cortisone  do  indicate  that  this  steroid  does  cause  responses  within  12  hours 
of  administration,  and  that  the  responses  seen  in  the  blood  are  long-lasting. 

Summary 

1.  Differential  counts  of  the  leucocytes  of  the  blood  of  frogs,  Rana  pipiens, 
were  made  immediately  before  injection  and  12,  24,  or  48  hours  after  the 
injection  of  hvdrocortisone  acetate  ( experimentals )  or  distilled  water  (con¬ 
trols  ) . 

2.  Neutrophilia  and  lvmphopenia  were  evident  in  the  experimentals  but 
not  in  the  controls. 

3.  These  responses  were  seen  at  12  hours  and  increased  in  intensity 
through  the  48  hour  readings. 

Literature  Cited 
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It  is  generally  accepted  that  quantitative  relationships  in  body  com¬ 
position  exist.  For  example,  the  ratio  of  bone  to  muscle  in  the  fat-free 
body  is  fairly  constant.  It  is  well  known  that  exercise  causes  the  muscles 
to  enlarge,  but  it  is  not  known  whether  or  not  exercise  causes  hypertrophy 
of  bone  in  such  a  manner  as  to  maintain  the  constancy  of  the  ratio  of  bone 
to  muscle,  nor  is  it  known  what  the  work  involved  in  the  mere  carrying  of 
excess  fat  by  relatively  inactive  mammals,  as  opposed  to  those  made  to 
exercise,  does  to  the  ratio  of  bone  to  muscle  in  the  fat-free  body.  Data 
from  Pitts  ( 1956)  indicated  that  guinea  pigs  with  a  higher  percent  fatness 
also  have  a  larger  fat-free  body  weight  (FFBW) .  Is  per  cent  fatness  the 
cause  and  the  increased  FFBW,  through  increases  in  sustentacular  and 
locomotor  structures,  the  effect?  Are  there  homeostatic  mechanisms  which 
maintain  the  constancy  of  the  quantitative  relationships  in  fat-free  compo¬ 
sition?  This  report  is  concerned  with  the  chemical  changes  in  the  com¬ 
position  of  muscle  and  three  skeletal  groups  as  per  cent  fatness  and  FFBW 
increase  in  sedentary  white  rats  ( Rattus  norvegicus)  of  different  ages. 

Materials  and  Methods 

Eleven  male  Snell-Supplee  Multi-Purpose  rats,  ranging  in  age  from  237 
to  615  days,  fed  ad  libitum  on  a  complete  diet  consisting  of  a  commercial 
laboratory  chow  with  not  less  than  23.0%  crude  protein,  not  less  than  4.5% 
crude  fat,  not  more  than  6.0%  crude  fiber,  and  not  more  than  9.0%  ash, 
were  used  in  this  study.  As  a  consequence  of  the  free  access  to  an  un¬ 
limited  food  supply,  fatness  among  the  animals  varied  not  only  with  age  but 
with  an  individual  animal’s  preference  for  and  intake  of  food;  in  addition, 
fatness  would  vary  with  the  individual  biochemistry  of  a  given  animal  and 
with  the  individual’s  proclivity  toward  exercise  or  random  movement  with¬ 
in  its  cage  which  measures  7”  x  9”  x  5”  in  height. 

Each  animal  was  killed  by  over-anesthetization  with  ether,  depiliated 


1This  investigation  was  supported  by  Public  Health  Service  Grant  No.  GM  8425  from  the 
National  Institute  of  General  Medical  Science. 


132 


The  Virginia  Journal  of  Science 


[April 


with  barium  sulfide  solution  (two  teaspoonfuls  per  pint  of  water),  and 
eviscerated.  Specific  gravity  of  the  eviscerated  carcass  was  determined  bv 
weighing  it  in  the  air  and  under  0.9%  saline  solution  and  applying  Archi¬ 
medes  principle.  Specific  gravitv  of  the  saline  was  determined  with  a 
hydrometer;  specific  gravity  here  refers  to  measurements  made  with  car¬ 
cass  and  saline  bath  in  thermal  equilibrium  at  23-25°  C  and  is  referred  to 
water  at  the  same  temperature. 

The  carcass  and  viscera  were  separated  by  dissection  by  the  method 
described  by  Pitts  (1956)  into  seven  components:  skeletal  muscle,  verte¬ 
brae,  appendicular  skeleton,  non-supporting  bone,2  skin,  separable  adipose 
tissue,  and  remainder.3  Each  of  the  components  was  analyzed  for  moisture 
content  by  freeze-drying,  fat  content  by  either  extraction  for  16  hours,  ash 
or  mineral  content  by  combustion  in  a  muffle  furnace,  and  for  protein  con¬ 
tent  by  converting  micro-Kjeldahl  nitrogen  into  protein. 

The  basic  data  were  analyzed  statistically  to  determine  the  relation¬ 
ships  between  increasing  fatnes  and  changes  in  the  composition  of  the 
muscular  and  skeletal  components  and  to  determine  the  relationships  be¬ 
tween  increasing  FFBW  and  changes  in  the  composition  of  the  same  com¬ 
ponents.  Regression  equations  and  coefficients  of  correlation  were  deter¬ 
mined  using  per  cent  fatness  (total  extracted  fat  X  100/  corrected  live 
weight  or  live  weight  less  weight  of  fur  and  gut  content)  as  the  independent 
variable  (X)  and  each  of  the  following  for  the  dependent  variable  (Y): 
per  cent  fat  in  fresh  muscle,  appendicular  skeleton,  vertebrae,  and  non¬ 
supporting  bone;  per  cent  water  in  each  of  the  above  four  components; 
per  cent  protein  in  each  of  the  four  components;  per  cent  ash  in  the  same 
components;  per  cent  water,  ash,  and  protein  in  fat-free  (FF)  muscle; 
fat-free  drv  weight  (FFDW)  of  each  of  the  four  components;  sum  ash  and 
protein  as  a  per  cent  of  each  of  the  skeletal  components4;  fresh  muscle  and 
also  FF  muscle  as  per  cent  of  corrected  live  weight  (CLW),  FFBW,  and 
adipose-free  body  weight  (AFBW);  FF  adipose  tissue;  age;  and  specific 
gravitv.  Regression  equations  and  coefficients  of  correlation  were  also  de¬ 
termined  using  FFBW  as  the  independent  variable  with  each  of  the  above 
dependent  variables.  Statistical  methods  and  the  statistical  terms  used  in 
this  report  are  those  of  Simpson  et  al.  (1960). 


2The  non-supporting  bone  component  consisted  of  the  skull,  caudal  vertebrae,  and,  unfortu¬ 
nately,  carpi,  taris,  and  phalanges  which  should  have  been  included  in  the  appendicular 
skeleton  component. 

:!The  remainder  component  consisted  of  all  other  materials  such  as  the  viscera,  eyes,  and 
nervous  system. 

4The  presence  of  volatile  constituents,  primarily  carbonates  in  bone,  which  are  lost  in  ashing, 
causes  the  FFWD  of  a  component  to  differ  slightly  from  the  sum  of  the  ash  and  protein  in 
the  same  component. 
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Results  and  Discussion 

The  statistical  analyses  of  the  data  obtained  on  11  rats  show  that  in¬ 
creases  in  fatness  or  in  FFBW  are  significantly  correlated  with  the  com¬ 
ponents  as  listed  in  Table  I  and  II  respectively.  Those  coefficients  of  cor¬ 
relation  that  had  a  probability  of  10%  or  less  are  also  given;  it  is  realized 
that  probabilities  higher  than  5%  are  not  considered  significant,  but  those 
correlations  that  had  a  probability  between  5%  and  10%  are  included  here 
because  it  was  thought  that  when  the  ageing  factor  was  eliminated,  some  of 
the  probabilities  might  possibly  drop  to  5%  or  less. 

Since  most  mammals  accumulate  fat  as  they  age,  the  results  shown 
in  Table  I  and  Table  II  could  have  been  influenced  by  age  as  well  as  by 
increasing  fatness  or  increasing  FFBW.  Consequently,  it  was  necessary  to 
run  a  multiple  correlation  on  the  data.  In  Tables  III  and  IV  the  sub¬ 
scripts  1,  2,  3,  refer  to  the  three  variates  in  the  heading  in  the  order  given. 
The  symbol  r12  is  the  coefficient  of  correlation  between  the  first  and  second 
variates  and  is  the  one  given  in  Tables  I  and  II,  i.e.,  it  is  a  total  correlation, 
because  in  obtaining  it,  nothing  was  excluded.  The  value  of  r12  may  be  in¬ 
fluenced  by  that  of  ri3  (coefficient  of  correlation  between  the  first  and  third 
variates)  or  that  of  r23  (coefficient  of  correlation  between  the  second  and 
third  variates).  The  symbol  r12.3  represents  the  partial  or  multiple  corre¬ 
lation  of  variates  1  and  2  with  the  effect  of  the  variation  of  the  third  variate, 
age,  on  either  of  them  eliminated. 

These  data  indicate  that  an  increase  in  an  animal’s  fatness  is  accom¬ 
panied  by  an  increase  in  the  strengthening  constituents  (bone  ash  and  pro¬ 
tein)  of  the  vertebrae,  the  part  of  the  skeleton  of  a  quadriped  most  in¬ 
volved  in  carrying  of  additional  weight.  As  fatness  increases,  there  is  a 
decrease  in  the  percentages  of  water  and  ash  in  muscle  and  of  water  in 
vertebrae.  The  decreases  in  per  cents  water  and  ash  in  muscle  reflect  the 
highly  significant  increase  in  per  cent  of  fat  in  muscle,  and  the  decreased 
amount  of  water  in  vertebrae  is  probably  replaced  by  the  increased  amounts 
of  protein  and  ash. 

As  the  fat-free  body  weight  increases,  the  FFDW  of  muscle  and  two  of 
the  three  skeletal  components  increase;  i.e.,  there  is  an  increase  in  the 
strengthening  constituents  of  the  locomotor  and  sustentacular  structures. 
The  fact  that  the  FFDW  of  the  non-supporing  bone  component  increases 
significantly  with  an  increase  in  FFBW  is  thought  to  be  due  to  the  inclu¬ 
sion  of  tarsi,  carpi,  and  phalanges  in  this  component. 

Among  the  more  recent  investigations  concerned  with  the  influences 
of  feeding  frequency,  quantity  of  ration,  quality  of  of  ration,  and  hyper¬ 
caloric  diets  on  body  composition  are  those  of  Cohn  (1963),  Doyle  and 
Potter  (1951),  Filer  and  Churella  (1963),  Gillett  et  al  (1962),  Martin 
et  al.  (1963),  Weil  and  Wallace  (1963,)  and  Widdowson  and  McCance 
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Table  I.  —  Results  of  Statistical  Analysis  of  Data  Obtained  by  Chemical  Analysis;  Independent  Variable  Is 
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Table  II.  —  Results  of  Statistical  Analysis  of  Data  Obtained  by  Chemical  Analysis;  Independent  Variable  Is 

FFBW 
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Table  III.  —  Results  of  Multiple  Correlation  Using  Per  Cent  Fatness  as  the  First  Variate 
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Table  IV.  —  Results  of  Multiple  Correlation  Using  FFBW  as  the  First  Variate 
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(1957).  The  majority  of  these  and  other  works  are  concerned  with  the 
measuring  of  body  composition  in  farm  animals  in  order  to  provide  an  indi¬ 
cation  of  the  composition  of  the  dressed  carcass  for  economic  evaluation. 
Some  of  the  above  papers  report  data  such  as  (1)  skeletal  muscle  compo¬ 
sition  in  the  carcasses  of  animals  on  a  specified  diet  and/or  on  a  specified 
feeding  schedule,  (2)  ratio  of  lean  to  fat  in,  for  example,  ham  from  a  pig  on 
a  given  diet,  and  (3)  carcass  weight,  live  weight,  meat  weight,  bone  weight, 
and  other  weights  from  animals  on  specified  regimes,  but  these  data  are  not 
directlv  related  to  this  paper  primarily  because  data  concerning  the  com¬ 
position  of  the  bones  is  usually  not  given;  consequently,  correlations  made 
between  fatness  and  the  dependent  variables  reported  here,  and  between 
FFBW  and  the  same  variables,  could  not  be  determined. 

Pitts  (1962)  states,  “Calculations  indicate  that  transporting  30% 
body  fat  through  a  semisedentary  routine  requires  an  excess  energy  expen¬ 
diture  which  is  roughlv  equivalent  to  that  required  by  a  weight-lifting  regi¬ 
men  designed  for  body  building  (muscle  hypertrophy)!”  Data  herein  help 
corraborate  Pitts’  (1962)  finding  that  “Changes  in  fatness  are  followed  by 
changes  in  the  same  direction  of  the  fat-free  adipose  tissue  and  the  adipose- 
free  body.”  While  the  findings  reported  here  may  apply  only  to  male  rats, 
and  while  the  need  for  experimental  substantiation  in  other  species  is 
obvious,  data  herein  suggest  that  as  an  adult  mammal  increases  either  in 
per  cent  fatness  or  in  FFBW,  there  is  a  concommitant  increase  in  the 
strengthening  constituents  of  the  sustentacular  and  locomotor  organs  of 
the  body. 
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AN  APPROXIMATE  SOLUTION  OF  THE 
MONOENERGETIC  TRANSPORT  EQUATION 


W.  Maurice  Pritchard1  and  R.  M.  Ahrens2 
Received  for  Publication  July  24,  1964 

A  complete  description  of  a  neutron  population  can  be  given  by 
specifying  a  flux  function  which  gives  the  distribution  of  neurtons  in 
space,  energy,  time  and  direction  of  motion.  This  flux  function  is  a  solu¬ 
tion  of  the  general  Boltzman  transport  equation. 

An  ensemble  of  thermalized  neutrons  can  be  treated  approximately 
by  assuming  a  constant  neutron  energy.  Since  the  neutron  energy  is 
low,  the  energy  change  per  collision  must  be  small.  Therefore,  this 
procedure  gives  a  good  approximation  to  the  exact  neutron  behavior.  In 
this  case,  the  general  Boltzmann  transport  equation  reduces  to  a  simple 
monoenergetic  form. 

A  one  dimensional  neutron  distribtuion  with  azimuthal  symmetry  and 
a  single  energy  will  be  considered  initially.  In  addition,  it  will  be  as¬ 
sumed  that  the  cross  sections  are  independent  of  position.  For  this  case, 
the  general  transport  equation  reduces  to  its  simplest  form.  However, 
even  in  its  simplest  form,  this  equation  is  not  usually  amenable  to  exact 
solutions  and  approximate  solutions  must  be  utilized.  The  spherical 
harmonics  approach  will  be  employed  here.  This  procedure  gives  the 
Pn  approximation  to  the  general  transport  equation. 

a  p2  approximation 

The  neutron  distribution  is  described  by  a  flux  function  </>(x,  /x) 
where  p)  d/x  represents  the  total  track  length  per  unit  time  and  per 

unit  volume  about  position  x  of  all  neutrons  with  directions  of  motion 
associated  with  an  interval  dfx  about  /x.  The  quantity  /x  is  the  cosine  of 
the  angle  6  between  the  direction  of  neutron  motion  and  the  x  axis. 

The  function  c j>(x,fx)  and  the  source  term  S(x,  /x)  can  be  repre¬ 
sented  by  series  expansions  in  terms  of  Legenre  polynomials  Pn  (/ x ). 

Suitable  series  expressions  are 
co  2n— (—  1 

<f>(x,n)=  2  ( — - )  <£n(x)Pn(/x)  .  (1) 

n=o  2 


1.  Physics  Dept.,  Old  Dominion  College,  Norfolk. 

2.  Physics  Dept.,  Georgia  Institute  of  Technology,  Atlanta. 
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and 


oo  2n4-l 

S(x  ,  /*)  =  5  ( - T - )  sn(x)  P„W  .  (2) 

n=o  2 

The  <£n(x)  are  solutions  of  the  set  of  coupled  equations  which  constitute 
the  spherical  harmonics  form  of  the  monoenergetic  neutron  transport 
equation.  This  set  of  equations  is  given  bv  Meghreblian  and  Holmes 
(1960)  as 

-  •  '  •  ^n-l  +  (2t—  3S  Nn)  <£n  +  - - — - -  <f>'n+l  —  Sn 

2n+l  2n— j—  1 

n=0,  1,2,.  .  .  (3) 

The  prime  indicates  differentiation  with  respect  to  x;  St  and  Ss  are 
the  macroscopic  total  and  scattering  cross  sections  respectively;  and  Nn 
is  the  average  value  of  the  Legendre  polynomial  Pn  ( )  with  respect  to 
the  angular  distribution  of  the  scattering  cross  section  in  the  center  of 
mass  reference  frame.  The  quantity  fx 0  is  the  cosine  of  the  neutron 
scattering  angle  in  the  laboratory  reference  frame. 

Approximate  solutions  of  the  infinite  set  of  equations  (3)  can  be 
obtained  by  truncating  the  series  expansion  (1)  for  the  flux  function  <f> 
after  n  + 1  terms.  This  procedure  reduces  (3)  to  a  finite  set  of  equa¬ 
tions  which  can  be  solved  to  give  the  Pn  approximation  to  </> . 

For  many  applications,  the  source  term  S  can  be  considered  to  be 

isotropic;  i.e.,  Sn=0  for  n>0.  The  following  considerations  will  be 

restricted  to  this  case.  The  P2  approximation  to  the  transport  equation 
will  be  employed  since  this  is  the  highest  order  approximation  amenable 
to  solution  by  a  Green’s  function  approach.  With  these  restrictions,  teh 
set  of  equations  (3)  is  limited  to 

3a  <f>o  -f-  4*1  —  S0  (4) 

1/3  4>0'  -f-  3b  H-  2/3  4>si  ~  0  (5) 

2/5  4>i  +  3C  $2  =  0  (6) 

where  Sa  =  3t  —  3S ,  3b  =  3t  —  Ni  2S ,  and  =  3t  —  N2  3S  •  Equa¬ 
tions  (4),  (5),  and  (6)  constitute  a  P2  approximation  to  the  transport 
equation. 

Solution  by  the  Use  of  the  Green’s  Function 

Solutions  for  the  P2  approximation  are  well  known.  However,  it 
is  instructive  to  consider  a  Green’s  function  approach  to  the  problem. 
Equations  (4),  (5),  and  (6)  can  be  replaced  by  an  equivalent  set  of 
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equqations  obtained  by  differentiation  and  substitution  operations.  This 
equiavlent  set  is 


—  D2  <f>o"  “1“  </>o  —  S0  —  C  S0" 

(f>i—  —  D2  </></  C  S0' 

2 


<t>2 


5  2, 


'(^a  So) 


where 


D2  =  — —  ( i  +  A  — — ) 

3  2b  5  Sc 

is  the  diffusion  coefficient  for  the  P»  approximation  and 

4 


15  Sb  2C 


(7) 

(8) 

(9) 

(10) 


(11) 


Attention  wille  be  confined  to  (7).  Since  P2  is  independent  of  posi¬ 
tion,  this  eqquation  can  be  written  in  the  standard  form 


A(d20o') -2a<A„  =  - (S„-CS„")  (12) 

dx 

of  the  inhomogeneous  Sturm-Liouville  equation.  The  Green’s  function 
associated  with  eqquation  (12)  is 


G(x,x') 


1  co  cos  (x  —  x')u  1  — klx  —  x'l 

- J  - du  = - e 

D2  °  k2  +  u2  2  k  D2 


(13) 


where  k2  =  3a/D2  •  Consequently,  the  scalar  flux  <£0  is  given  by 

4>o(x)  =— !_/  »-kl*-x'1  [S0(x')  -CS0"  (x')]dx'. 

2  k  D2  -  oo 

Integration  by  parts  leads  to 

/  x  1— Ck2  x  —klx— x'l  ,  C 

<t> o(x)  = - /  S0(x  )e  dx  +  — -  S0(x)  .  (14) 

2  k  D2  —  x  D2 

As  might  be  expected  from  the  linearity  of  (7),  this  solution  is  in 
agreement  with  the  principle  of  linear  superposition  of  sources. 

The  scaler  flux  can  also  be  expressed  as 
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<£o(x)  =  /  (x— x')  So(x')  dx' 

—  oo  Bx 


where 


(15) 


(x) 

8x 


1-Ck2 

2  k  D2 


—  klxl 


Ds 


8(x) 


(16) 


is  the  flux  due  to  an  isotropic  infinite  plane  source  located  at  x=0. 
The  function  is  obtained  from  (14)  when  SG(x)  is  a  Dirac  delta 

function  representing  an  infinite  plane  source  of  unit  strength.  The 
procedure  leading  to  (15)  and  (16)  has  consistently  accounted  for  the 
source  normalization  constants. 


Up  to  this  point,  the  analysis  has  been  restricted  to  the  one  dimen¬ 
sional  case.  However,  the  flux  due  to  an  isotropic  infinite  plane  source 
can  be  transformed  to  the  flux  <£g„(r)  due  to  an  isotropic  point  source. 
Applying  the  transformation  relation  given  by  Murray  (1957)  to  the 
flux  equation  (16)  yields 


Sr 


1__C  k2 

(r)  =  — — — — 

4  7T  D2 


C 

2  7 r  D2 


The  flux  produced  by  any  source  can  be  built  up  from  <£§„( r). 


(17) 


Validity  of  tile  Approximate  Solution 


Equation  (16)  and  (17)  can  behave  differently  than  the  equivalent 
solutions  in  the  Px  approximation.  Since  the  Px  approximation  is  equiv¬ 
alent  to  the  ordinary  diffusion  theory,  these  equations  represent  improved 
diffusion  theory  solutions. 

The  ordinary  diffusion  theory  solution  corresponding  to  (16)  is 
given  by  Glasstone  and  Edlund  (1952)  as 


—  klxl 


/  x  e 

$  (x)  =— — 

Sx  2  k  Dx 


(18) 


where 


Dl  =  — _ — — 

3  5t(l  —  Ni) 

is  the  diffusion  coefficient  in  the  Px  approximation  for  the  case  where 

^a<<  V 
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If  the  origin  is  excluded  a  comparison  of  (16)  and  (18)  shows  that  the 
principal  difference  is  that  the  improved  diffusion  theory  yields  a  fac¬ 
tor  1  —  Ck2  rather  than  unity.  This  difference  should  result  in  a  more 
accurate  account  of  the  asymptotic  behavior  of  the  diffused  flux. 

For  the  case  of  an  isotropic  infinite  plane  source  located  at  x=0, 
it  is  possible  to  obtain  a  rigorous  solution  of  the  transport  equation.  The 
asymptotic  form  of  this  rigorous  solution  is  given  by  Glasstone  and  Edlund 
(1952)  as 


<t>  (x)  = - 

8x  2  k  D 


— k  1x1 
e 


(19) 


where  D  is  a  diffusion  coefficient  and 


2  2a  ,  2t2-U  , 

«  =  -  ( - ) 

2S  k2-2a  St 

If  :Sa<<3tJ  Glasstone  and  Edlund  (1952)  have  shown  that 


—  —  (20) 
5  2t 

An  examination  of  (16)  and  (19)  for  the  case  where  the  origin  is  ex¬ 
cluded  shows  that  a  comparison  between  teh  improved  diffusion  theory 
solution  and  the  asymptotic  rigorous  solution  is  essentially  equivalent  to 
a  comparison  of  the  factors  1  —  C  k2  and  a  .  By  using  the  definitions 
of  C  and  k  and  assuming  that  >  >  Ss  N2  ,  the  1  —  C  k2  factor  can 
be  expressed  as 


1-Ck2 


i  +  ~ — — ■ 

5  2t 


(21) 


A  comparison  of  the  approximate  relations  (20)  and  (21)  shows  that 
the  factors  «  and  1  —  C  k2  are  very  nearly  equal  for  the  case  <  <  2t  • 
Consequently,  the  improved  diffusion  theory  solutions  (16)  and  (17) 
represent  very  good  approximations  to  the  actual  flux  in  the  asymptotic 
region  for  a  weakly  absorbing  medium. 


SUMMARY 

A  Green’s  function  approach  is  used  to  obtain  a  solution  for  the  P2 
approximation  to  the  monoenergetic  transport  equation.  This  solution 
is  compared  with  corresponding  diffusion  theory  and  rigorous  solutions 
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for  a  particular  case.  It  is  found  to  give  a  good  approximation  to  the 
actual  neutron  flux  in  the  asymptotic  region  for  a  weakly  absorbing 
medium. 
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ADDITIONS  TO  FRESH-WATER  ALGAE 
IN  VIRGINIA  1 


B.  R.  Woodson  and  Verna  Holoman 
Virginia  State  College 

Received  for  Publication,  April  17,  1964 

Prior  to  1959,  our  knowledge  concerning  the  fresh-water  algal  flora 
of  Virginia  was  quite  limited  (Woodson,  1959).  The  studies  conducted 
at  Virginia  State  College  since  this  time  have  added  631  species  for  the 
state.  Reports  by  Woodson  (1959),  Woodson  and  Prescott  (1961), 
Woodson  (1962),  and  Woodson  and  Holoman  (1964)  have  been  mainly 
responsible  for  this  increase. 

This  article  represents  material  collected  in  the  summer  of  1963  from 
the  county  of  Prince  George,  Virginia.  It  contains  reports  on  246  taxa. 
Of  this  number,  115  species  are  reported  from  this  state  for  the  first 
time.  The  new  records  are  marked  with  an  asterisk.  There  are  145 
species  of  Chlorophyta,  51  species  of  Chrysophyta,  with  the  majority 
being  of  diatom  taxa,  35  species  of  Cyanophyta,  31  species  of  Eugleno- 
phyta,  and  3  species  of  Pyrrhophyta. 

The  collections  were  made  from  21  ponds  and  two  streams  in  Prince 
George  County,  Virginia.  The  water  chemistry  and  physical  descrip¬ 
tion  of  each  water  source  are  listed  as  ecological  data  that  may  be  of 
significance  to  anyone  making  studies  showing  relationship  of  distribu¬ 
tion  to  the  physical  chemical  environment. 


1  The  work  was  aided  by  contract  No.  E  2/3/43-0442  with  the  Nat.  Sci.  Foundation  Under¬ 
graduate  Science  Education  Research  Participation  Program. 
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Total  number  of  species  recorded  for  the  station. 

Per  cent  of  total  number  of  species  represented  by  a  division. 
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CHLOROPHYTA 

Actinastrum  Hantzschii  var.  fluviatile  Schroeder  XVIII,  XIX,  XII** 

Ankistrodesmus  convolutus  Corda  XV,  XX 

Ank.  falcatus  ( Corda  Rails  IX 

*Ank.  longissima  var.  tropica  W  &  W  XI 

Ank.  spiralis  (Turner)  Lemm.  XVII,  XXIII 

*  Arthr ode smus  convergens  Ehr.  XX 
Characium  debaryanum  (Reinsch)  Toni  III,  XIV 
*Chlorella  ellipsoidea  Gerneck  V 

Ch.  vulgaris  Beijer.  XVIII 

Closteriopsis  longissima  Lemm.  XIII,  XVIII 

Closterium  abruptum  West  VI,  X,  XI,  XIII,  XVI,  XIX 

Cl.  acerosum  (Schrank)  Ehr.  XIV,  XVIII,  XX,  XXIII 

tCl.  Archerianum  Cleve.  I,  XV 

Cl.  Bailyanum  Breb.  Ill,  IV,  VIII,  XIII,  XV 

Cl.  didymotocum  Ralfs  XIII,  XIV,  XXIII 

Cl.  littorale  Gay  XIV 

Cl.  Malmei  Borge  VIII,  XVIII 

Cl.  monilifermum  (Bory)  Ehr.  II,  VIII,  XVII 

*CZ.  monilifermum  (Bory)  Ehr.  var.  acutum  W.  Krieg  &  Scott  X 

Cl.  praelongum  Breb.  XVI 

Cl.  Pritchardianum  Archer  VIII,  X,  XII 

Cl.  semicirculare  W.  Krieg.  &  M.  Scott  X,  XVI 

Cl.  tumidium  Johnson 

pCoccomonas  orbicularis  Stein  VIII 

*Goelastrum  microporum  Naeg.  XX 

Cosmarium  ambadiense  Scott  and  Gronb.  XX 

Cosmarium  amoenum  Breb.  XVIII 

Cosmarium  baccatum  Scott  &  Gronb.  XII 

*  Cos.  capense  DeToni  IX 
*Cos.  circulare  Reinsch  XIX 

*Cos.  curcurbitinum  (Biss.)  Lutkem.  XVIII 
*Cos.  tisplosporum  (Lund.)  Lutkem.  IX 
*Cos.  elongatum  Racib.  XVII 
p Cos.  flavum  W.  &  W.  XIII,  XV,  XVIII,  XXII 
Cos.  flavum  var.  africanum  Fritsch  &  Rich  X,  XII 

*  Cos.  Hammeri  Reinsch  XI 

Cos.  latpyramidatum  Scott  &  Gronb.  XVII,  XVIII 
Cos.  pseudo connatum  Nordst.  I 
Cos.  pseudopyramidatum  Lund.  X 

Cos.  pseudopyramidatum  Lund.  var.  oculatum  Krieg.  XII 
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Cos.  punctulatum  var.  subpunctulatum  W.  &  W.  XXII 

Cos.  speciosum  Lund.  X,  VIII 

Desmidium  Baileyi  (Ralfs)  Nordst.  I,  VIII 

De.  coractatum  Nordst.  XI,  XVII,  XVIII,  XIX 

De.  Grevilli  (Kutz)  DeBary  VIII,  XVIII,  XIX,  XXII 

De.Swartzii  Ag.  X,  XV,  XVIII 

De.  Swartzii  var.  amblyodon  (Itz.)  Rab.  XXII 

Docidium  undulatum  Bailey  IX 

Eremosphaera  viridis  DeBary  XVIII 

Euastrum  affine  Ralfs  XVIII 

Eu.  bidentatum  Nag.  VIII 

Eu.  longicolle  Nordst.  XVII 

Eu.  Luetkemuelleri  Ducell.  IX 

Eu.  pulchellum  Breb.  XVIII 

Eu.  subornatum  W.  &  W.  XVII 

Eudorina  elegans  Ehr.  Ill 

Eu.  unicocca  G.  M.  Sm.  XX 

Franceia  tuberculata  G.  M.  Sm.  XX 

Gonatozygon  monotaenium  De  Bary  XI 

Gonium  formosum  Pasch.  Ill 

Gonium  pectorale  Muell.  XIV,  XX 

Gymnozyga  moniliformis  Ehr.  VIII,  XI,  XVII 

Haematococcus  lacustris  (Girod.)  Rostaf.  X,  XII 

Hyalotheca  dissiliens  (J.  E.  Sm.)  Breb.  VI 

Hy.  mucosa  (Dillw.)  Ehr.  I,  VIII,  XI,  XVII,  XXIII 

Micrasterias  alata  Wall.  XIX 

Micrasterias  Borgei  Krieg.  XIII 

Micrasterias  denticulatum  var.  Taylorii  Krieg.  XVI,  XX 
Micrasterias  denticulata  var.  Taylori  fa.  mamillata  Prescott  &  Scott  VIII 
Micrasterias  pinnatifida  (Kutz.)  Ralfs  XVII,  XIX 
Mi.  radiata  Hass.  VIII,  XV 

Mi.  Thomasiana  Arch.  var.  notata  (Nordst.)  Gronb.  XVI 

Mi.  Torreyi  Bail.  XXIII 

Mi.  verrucosa  Roy  XVI,  XXII 

Microspora  amoena  (Kutz.)  Lagerh.  XIV 

Mic.  crassior  (Hansg.)  Hazen  IX 

Mic.  loefgrenii  (Nordst.)  Lagerh.  IX 

Netrium  digitus  (Ehr.)  Itz.  and  Rothe  VIII,  XI,  XIV,  XVII,  XVIII,  XIX 

Oedogonium  subsexangulare  Tiff.  XI 

Oe.  Tiffanyi  Ackley  XXIII 

Oe.  varians  Witt.  &  Lund.  VIII 

Onychonema  filiforme  (Ehr.)  Roy  &  Biss.  XIX 

Oocystis  solitaria  Witt.  XI 

Pandorina  morum  Bory  XIV,  XX 

Pediastrum  duplex  Meyen  VIII,  XXI 
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Pe.  duplex  var.  clathratum  (A.  Braun)  Lagerh.  X,  XX 
Pe.  duplex  var.  gracilimum  W.  &W.  XXI 
Pe.  obtusum  Lucks  II,  VIII 
Pe.  tetras  (Ehrenb.)  Ralfs  I 

Penium  margaritaceum  (Ehr.)  Breb.  VI,  X,  XII,  XV,  XVII,  XXII 

Pleurotaenium  Ehrenbergii  (Breb.)  De  Bary  VIII,  XVI 

PL  indicum  (Grun.)  Lund.  I 

PI.  minutum  (Ralfs)  Delp.  IX,  XVIII 

PL  nodosum  (Bailey)  Lund.  XIV,  XX 

PL  verrucosum  (Bailey)  Lund.  XV,  XVII 

Scenedesmus  abundans  var.  brevicauda  G.  M.  Scott  XII 

Sc  .acuminatus  (Lag.)  Chod.  XII 

9  Sc.  bijuga  (Turp.)  Lagerh.  X 

Sc.  dimorphus  (Turp.)  Kutz.  XII 

9  Sc.  incrassatulus  Bohlin  V 

Sc.  quadricauda  (Turp.)  deBreb.  IV,  X,  X,  XXI 

9  Sc.  quadricauda  var.  longispina  (Chod.)  G.  M.  Sm.  XII 

Sc.  quadricauda  var.  maxims  W.  &  W.  X,  XII 

9  Sc.  quadricauda  var .  quadrispina  (Chod.)  G.  M.  Sm.  XII 

Sphaerella  lacustris  (Girod.)  Witt.  XII,  XX 

Sphaerocystis  Schroeteri  Chodat  I 

° Sphaeroplea  annulina  (Roth.)  Ag.  XIX 

Spirogyra  crassa  Kutz.  XIV 

9Sp.  esthenica  (Skuja)  Czurda  VIII 

*Sp.  Jurgensi  Kutz.  XIX,  XXIII 

Sp.  maxima  (Hass.)  Witt.  X 

Spirotaenia  condensata  Breb.  XVIII,  XIX 

Spondylosium  planum  Wolle  XXIII 

Staurastrum  alternans  Breb.  VIII 

St.  arachne  Ralfs  XVII,  XVIII,  XXIII 

St.  arachne  Ralfs  var.  gyrans  (Johns.)  Scott  &  Gronb.  X,  XVIII 
St.  brachioprominens  W.  &  W.  I 
St.  breviaculeatum  G.  M.  Sm.  XVII 

9 St.  crenulatum  (Nag.)  Delp.  var.  britannicum  Messik.  X,  XV 
9  St.  Dickei  Ralfs  VIII 
9 St.  forficulutum  Lund.  I 
9  St.  leptocladum  Nordst.  I 
9 St.  leptacanthum  Nordst.  VIII 

9  St.  leptacanthum  var.  brachycerum  Scott  &  Gronb.  XIX 
9 St.  margaritaceum  (Ehr.)  Menegh.  XI,  XVIII 
9 St.  octoverrucosum  Scott  &  Gronb.  XIX 
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*  St.  octangular e  Gronb.  VI 

9  St.  pseudomonticulosum  Scott  &  Gronb.  VIII,  X 
9  St.  subgracillimum  W.  &  W.  XXII 
9  St.  turgescens  De  Not.  VI,  XVIII 
* Stegeoclonium  pachydermum  Presc.  II 

*  Stichococcus  scopulinus  Hazen  XVIII 
9Tetmemorus  Brebisosnii  (Menegh.)  Ralfs  VII 
T etraedron  Iimneticum  Borge  VIII 
9Westella  botryoides  (W.  &  W.)  de  Wildm.  IX 
9Westella  linearis  G.  M.  Sm.  V 

9Ulothrix  aequalis  Kutz.  Ill 
9Ulothrix  subtilissima  Raben.  XII 
9Ulothrix  variabilis  Kutz.  XIII 
Xanthidium  cristatum  Breb.  XVII 

9Xanthidium  cristatum  var.  hipparquii  F.  floridense  Scott  &  Gronb.  XIX 
9anthidium  cristatum  Breb.  var.  scXrobiculatum  Scott  &  Gronb.  XVIII 

*  Xanthidium  cristatum  var.  uncinatum  Hass.  VIII 
9anthidium  Xsansibarense  var.  verrucosum  Scott  &  Gronb.  XIX 

CHRYSOPHYTA 

anthophyceae  X 

Botryococcus  Braunii  Kutz.  XIX 
Chlorobotrys  regularis  (West)  Bohlin  VIII,  IX 
Stipitococcus  vasiformis  Tiff.  IV 
Chrysophyceae 

Chrysamoeba  radians  Kleb.  XII 

*  Derepyxis  dispar  (Stokes)  Senn.  XVIII 
Dinobryon  bivaricum  Imhof.  XVII 
*Din.  cylindicum  Imhof.  IV 

Din.  diver  gens  Imhof.  I,  XV 
*Din.  sertularia  Ehr.  I 

* Lagynion  ampullaceum  (Stokes)  Pascher  XVIII 
*Synura  Adamsii  G.  M.  Sm.  VIII 
Sy.  uvella  Ehr.  I,  VI,  X,  XII,  XIV 
Uroglenopsis  americana  (Calkins)  Lemm.  Ill 
Bacillariophyceae 
9  Amphora  ovalis  Kutz.  I 
Asteronella  gracillima  (Hantz.)  Heib. 

Coscinodiscus  Thorii  Paril.  IV 
Cymbella  gastroides  Kutz.  I 
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*Cym.  lanceolata  (Ehr.)  Kuchn.  I,  XXII 
Eu.  pectinalis  (Kutz.)  Rab.  XVIII,  XXIII 
Eunotia  pectinalis  var.  minor  (Kutz.)  Rab.  I,  III 
Fragelaria  crotonensis  Kittov.  VIII 

Frustulia  rhomboides  (Ehr.)  De  Toni  II,  VIII,  IX,  XVIII,  XXIII 

* Gomphonema  acuminatum  (Ehr.)  I,  XXII 

Gom.  constrictum  var.  capitatum  (Ehr.)  Cl.  I,  II 

Gom.  germinatum  Lyngb.  XI,  XIV 

Gyrosigma  acuminatum  (Kutz.)  Cl.  XII 

9Melosira  arenaria  Moore.  IV 

*Navicula  cuspidata  var.  ambigua  (Ehr.)  Cl.  VII,  XII 

Nav.  decurrens  (Ehr.)  Kutz.  XXII 

*Nav.  lata  (Breb.)  Kutz.  I 

Nav.  legumen  Ehr.  XII,  XVIII 

Nav.  major  Kutz.  XXIII 

Nav.  oblongata  Kutz.  IX 

Nav.  silicula  Ehr.  Ill 

*Nav.  sphaerophora  Kutz.  XXI 

Nitzschia  closterium  W.  Sm.  XVII 

Nit.  sigma  (Kutz.)  Kuntze  IV,  IX,  XXIII 

*Pinnularia  Brebissoni  Kutz.  XI 

Pin.  parva  (Ehr.)  Gryfl.  XI 

Pin.  viridis  (Nitz.)  Ehr.  VIII,  X 

Rhopalodia  giba  (Ehr.)  O.  Mul. 

Stauroneis  acuta  W.  Sm.  X,  XI,  XXIII 

St.  anceps  Ehr.  I,  XIV 

9 St.  nobilis  Sebum.  II,  VI,  XX 

St.  phoenecenteron  Ehr.  I 

°St.  triundulatum  Borge  X 

Surirella  linearis  W.  Sm.  XXIII 

Sur.  saxonica  Aversw.  XII,  XXIII 

*Synedra  acus  Kutz.  XXII 

*Syn.  pulchella  Kutz.  VIII 

*Syn.  tabulata  (Ag.)  Kutz.  I 

Syn.  ulna  (Nitz.)  Ehr.  I,  II,  III,  X,  XX 

Tabellaria  fenestrata  (Lyngb.)  Kutz.  I,  IX,  XIV,  XVIII,  XIX,  XXIII 

CYANOPHYTA 

Anabaena  affinis  Lemm.  XVII,  XVIII,  XXII 

An.  Azollae  Stras.  XIX 

An.  circinalis  (Kutz.)  Rab.  X,  XII 
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*  An.  helicoidea  Bern.  XX 
*An.  macrospora  Kleb.  XVIII 

*An.  macrospora  var.  rohusta  Lemm.  IV 

*  An.  Scheremeteri  Elenk.  I 
An.  spiroides  Kleb.  XII 

An.  spiroides  var.  crassa  Lemm.  II 

°  An.  unispora  Gard.|  XX 

Aphanizomenon  flos-aquae  (L.)  Ralfs.  XXI 

Aphanocapsa  pulchra  (Kutz.)  Raben.  XXII 

*Chroococcus  turgidus  (Kutz.)  Naeg.  XVIII 

Cylindrospermum  Stagnate  (Kutz.)  Bornet  VI 

Gloeocapsa  aeruginosa  (Carm.)  Kutz.  XXII 

Lyngbya  spirulinoides  Gomont  IV 

Merismopedia  convoluta  de  Breb.  XII 

Microcystis  aeruginosa  Kutz.  IV,  XII 

Oscillatoria  amoena  (Kutz.)  Gom.  II 

Os.  amphibia  C.  A.  Agardh  XXI 

Os.  angusta  Koppe.  V 

Os.  angustisima  W.  &  W.  II 

Os.  articulata  ard.  XI,  XIV 

Os.  Bornetii  Zukal  II 

Os.  curviceps  C.  A.  Agardh  XVIII 

Os.  granulata  Gard.  XIV,  XV,  XX,  XXII 

Os.  limosa  (Roth.)  C.  A.  Agardh  II,  XXIII 

Os.  limnetica  Lemm.  VI 

Os.  nigra  Vauch.  IV,  VI,  X,  XIV 

Os.  princeps  Vauch.  X,  XIV 

Os.  tenuis  C.  A.  Agardh  II,  X 

S pirulina  major  Kutz.  IV,  X,  XVIII,  XX,  XXI,  XXIII 
Sp.  subsalsa  Oersted  XXIII 
T olypothrix  distorta  Kutz.  XIV 
To.  lanata  Wart.  XIV 


EUGLENOPHYTA 

Euglena  acus  Ehren.  I,  VI,  VIII 
Eu.  acus  var.  rigida  Hueb. 

Eu.  convoluta  Korsh.  XX 
*Eu.deses  Ehr.  I,  VI,  X,  XXI 
Eu.  Ehrenbergii  Klebs.  XIV 

Eu.  elastica  Presc.  XII,  XIV,  XV,  XXI,  XXII,  XXIII 
*Eu.  minuta  Presc.  I,  VI,  X,  XXI 


♦New  for  our  studies. 
♦♦Collection  stations. 
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*Ew.  oxyuris  var.  minor  Presc.  I 

Eu.  polymorpha  Dang.  II,  VIII,  X,  XIX,  XXI,  XXII 

*En.  proximo  Dang.  XXII 

*Ew.  sanguined  Ehr.  XXI 

*Eu.  spirogyra  Ehr.  I,  XIV,  XXI 

Eu.  tripteris  (Duj.)  Klebs.  XIV,  XIX,  XX 

•  Notosolenus  oribicularis  Stokes  XX 

* Petalomonas  abscissa  (Duj.)  Stein  X 

*Phacus  acuminatus  X 

*Ph.  anacoelus  Stok.  XXI 

°P/i.  anacoelus  var.  undulata  Skvort.  XI 

*Ph.  Birgei  Presc.  XVIII 

Ph.  helikoides  Poch.  XXII 

Ph.  longicauda  (Ehr.)  Dujard.  X,  XXII 

°Ph.  orbicularis  Hueb.  I 

°Ph.  orbicularis  var.  caudatus  Skvort.  XXIII 

°Ph.  tortus  (Lemm.)  Skvort.  VIII 

*Trachelomonas  armata  (Ehr.)  Stein  XX 

*Tr.  charkowiensis  Swir.  XXII 

*Tr.  euchlora  (Ehr.)  Lemm.  XX 

*Tr.  hexangulata  Swir.  XXI 

9Tr.  horrida  Palmer  XII 

9Tr.  speciosa  Deflan.  XIV 

*Tr.  superba  var.  spinosa  Presc.  XII,  XX 

PYRROPHYTA 

Certaium  hirudinella  (O.F.M.)  Schr.  XIII 
Gymnodinium  caudatum  Presc.  IX 
Peridinium  gatunense  Nyg.  XI 
Raciborskia  bicornis  Wol.  XVIII 
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PSEUDOCOHNILEMBUS  LONGISETUS 
a  Hymenostome  Ciliate  from  Antarctica.* 

Jesse  C.  Thompson,  Jr. 

Hampden-Sydney  College,  Hampden-Sydney,  Virginia 
Received  for  Publication  October  30,  1964 

In  December  1961,  Dr.  Stanley  Wilson,  of  the  Virginia  Institute  of 
Marine  Science,  collected  some  unidentified  plant  material  from  an  exposed 
rock  surface  at  an  elevation  of  about  100  feet  on  Nelly  Island,  an  island 
situated  12  miles  west-northwest  of  Wilkes  Station,  Antarctica.  This 
frozen  collection  was  later  received  by  the  author  and  cultures  were  made 
from  it  in  November  1962.  A  small  ciliate  was  isolated  from  the  mate¬ 
rial;  subsequent  studies  of  both  living  and  silver  impregnated  animals 
identified  it  as  a  member  of  the  genus  Pseudocohnilembus  (Evans  and 
Thompson,  1964). 


General  Morphology 

Two  silver  impregnated  slides  have  been  deposited  in  the  Inter¬ 
national  Collection  of  Ciliate  Type-specimens  (Corliss,  1963),  presently 
under  jurisdiction  of  the  Museum  of  Natural  History  of  the  University 
of  Illinois. 

Body  form  and  size.  The  body  is  elongate  with  a  bluntly  tapering 
anterior  end  and  a  rounded  posterior  end.  The  average  size  of  50  impreg¬ 
nated  animals  was  28.5  x  14.3  fx. 

Ciliary  meridians.  The  bipolar  meridians  vary  in  number  from  9  to 
11,  with  10  being  the  usual  number.  The  meridians  are  relatively 
straight  and  evenly  spaced  except  for  the  first  and  last  which  curve 
around  the  buccal  cavity.  All  meridians  appear  to  end  anteriorly  around 
a  polar  fibril  (Fig.  5).  The  basal  bodies  of  each  meridian  are  connected 
by  a  single  argentophilic  fibril.  A  caudal  cilium  is  present,  about  two- 
thirds  as  long  as  the  body. 

An  argentophilic  circular  polar  fibril  (Fig.  6)  almost  encloses  a 
small  area  at  the  posterior  end  which  contains  the  polar  basal  body- 
complex.  This  circular  polar  fibril  connects  all  the  meridians  except  the 


*This  investigation  was  supported  by  National  Science  Foundation  grant  GB  1325. 

The  author  would  like  to  express  his  appreciation  to  Drs.  William  J.  Hargis,  Jr.,  and 
W.  Stanley  Wilson,  Virginia  Institute  of  Marine  Science,  Gloucester  Point,  Virginia,  for 
their  part  in  making  this  research  possble. 
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last.  A  fibril  from  the  last  meridian  continues  on  to  the  polar  basal 
body-complex  and  crosses  over  to  the  circular  polar  fibril  near  meridians 
4  and  5. 

Buccal  cavity  and  associated  organelles.  A  large  buccal  cavity  ex¬ 
tends  from  near  the  anterior  end  to  about  the  middle  of  the  body.  The 
right  border  of  the  buccal  cavity  contains  two  membranes.  The  infracilia- 
ture  of  these  two  membranes,  one  designated  as  the  outer  membrane 
(OM)  and  the  other  as  the  inner  membrane  (IM),  (Figs.  1,  2,  3),  usu¬ 
ally  appears  as  two  single  rows  of  granules;  however,  occasionally  the  inner 
membrane  appears  to  consist  of  more  than  a  single  row  of  granules.  The 
infraciliature  of  these  measures  15.4  fx.  The  inner  membrane  is  slightly 
longer.  Several  argentophilic  fibrils  are  present  in  the  buccal  cavity 
(Figs.  1,  2,  3).  Figure  4  shows  an  abnormal  animal  which  possesses 
two  sets  of  membranes  in  a  single  buccal  cavity. 

Contractile  vacuole  pores.  The  CVP’s  vary  in  number  from  1  to  3 
(Figs.  1,  3,  6),  with  two  being  the  usual  number,  and  are  associated 
with  meridians  2,  3,  4,  and  5,  but  more  often  with  meridians  3  and  4. 

Cytoproct.  The  cytoproct  (Figs.  1-4,  6)  is  located  between  the 
first  and  last  meridians  near  the  posterior  end  of  the  animal.  In  silver 
impregnated  animals  it  appears  as  an  elongate  structure  about  one-third 
as  wide  as  long.  Anteriorly  it  is  joined  by  an  argentophilic  fiber,  the 
so-called  director-meridian,  from  the  base  of  the  buccal  cavity,  and  poste¬ 
riorly  by  a  fiber  which  connects  to  the  first  meridan. 

Nuclear  apparatus.  An  irregularly  spherical  macronucleus,  measur¬ 
ing  ca.  4.0  fx,  is  found  near  the  middle  of  the  body.  A  single  micronucleus 
is  present. 

Cyst  formation.  Cysts  are  not  observed  but  probably  occur  because 
of  the  nature  of  the  collection  (exposed  rock  surface  at  100  feet  eleva¬ 
tion)  and  the  physical  state  (frozen)  of  the  material. 

Stomatogenesis.  The  details  of  stomatogenesis  were  not  studied,  but, 
from  observations  made  on  numerous  dividing  forms,  it  appears  to  be 
very  similar  to  that  described  for  Pseudocohnilemhus  persalinus  by  Evans 
and  Corlis  (1964). 

Discussion 

Evans  and  Thompson  (1964)  described  a  new  hymenostome  ciliate, 
Pseudocohnilembus  longisetus,  from  Daytona  Beach,  Florida.  P.  longisetus, 
from  Antarctica,  is  quite  similar  to  this  species,  but  differs  in  the  number 
of  meridians  and  the  number  and  location  of  the  contractile  vacuole  pores. 
P.  longisetus,  from  Daytona  Beach,  has  10  to  11  ciliary  meridians,  with 
the  usual  number  being  11,  and  only  one  CVP,  which  is  associated  with 
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meridians  2  and  3.  P.  longisetus,  from  Antarctica,  has  9  to  11  meridians, 
with  the  usual  number  being  10,  and  1  to  3  CVP’s  associated  with  meridians 


2-5. 


The  presence  of  F.  longisetus  in  unidentified  plant  material  on  an  ex¬ 
posed  rock  at  100  feet  elevation  is  probably  accidental.  All  other  species 
described  have  been  collected  from  saline  environments  and  it  is  probable 
that  F.  longisetus  was  carried  to  the  rock  surface  by  wind-blown  spray  or 
some  marine  animal. 

As  far  as  the  author  can  determine,  this  is  the  first  description  of  the 
infraciliature  of  a  ciliate  from  Antarctica. 


Summary 

Pseudocohnilembus  longisetus  is  described  as  a  hymenostome  ciliate 
from  Antarctica.  Morphological  studies  were  made  on  specimens  treated 
with  the  Chatton-Lwoff  silver  impregnation  technique  and  living  material 
was  examined  with  phase  microscopy. 
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2.  Evans,  F.  R.  and  Corliss,  J.  O.  1964.  Morphogenesis  in  the  hymeno¬ 
stome  ciliate  Pseudocohnilembus  persalinus  and  its  taxonomic  and 
phylogenetic  implications.  J.  Protozool.  11:  353-370. 

3.  Evans,  F.  R.  and  Thompson,  J.  C.,  Jr.  1964.  Pseudocohnilembidae 
n.  fam.,  a  hymenostome  ciliate  family  containing  one  genus,  Pseudo¬ 
cohnilembus  n.g.,  with  three  new  species.  J.  Protozool.  11:  344-352. 

EXPLANATION  OF  FIGURES 

Fig.  1.  A  semi-diagrammatic  representation  of  a  ventral  view  of  the 
infraciliature  of  Pseudocohnilembus  longisetus.  Legend:  AF— argento- 
philic  fibrils  of  the  buccal  cavity;  CVP— contractile  vacuole  pore;  CYP— cyto- 
proct;  DM— director-meridian;  IM— inner  membrane;  OM— outer  mem¬ 
brane. 

Figs.  2-6.  These  figures  are  unretouched  photomicrographs  of  Pseu- 
dochnilembus  longisetus  impregnated  with  silver  according  to  the  Chatton- 
Lwoff  technique. 

Fig.  2.  Ventral  view.  Note  the  argentophilic  fibrils  in  the  buccal 

cavity. 
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Fig.  3.  Ventral  view.  Note  the  two  buccal  membranes,  cytoproct, 
and  the  two  CVP’s. 

Fig.  4.  Ventral  view  of  an  abnormal  animal  showing  two  sets  of 
membranes  in  the  buccal  cavity. 

Fig.  5.  Anterior  view  showing  ten  ciliary  meridians  and  the  buccal 
membranes. 

Fig.  6.  Posterior  view  showing  cytoproct,  two  CVP’s,  circular  polar 
fibril,  and  the  polar  basal  body-complex. 


This  investigation  was  supported  by  the  National  Science  Foundation  Grant  GB1325. 
The  author  would  like  to  express  his  appreciation  to  Drs.  William  J.  Hargis,  Jr.,  and  W. 
Shaly  Wilson,  Virginia  Institute  of  Marine  Science,  Gloucester  Point,  Virginia  for  their 
part  in  making  this  research  possible. 

Virginia  Institute  of  Marine  Science  Contribution  No.  158. 
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General  Program  of  the  43rd  Annual  Meeting 
May  5-8,  1965 


John  Marshall  Hotel,  Richmond 


1:00  p.m. 

7:00  p.m. 
8:00  p.m. 
9:00  p.m. 


8:00  a.m. 
8:30  a.m. 

9:00  a.m. 


2:00  p.m. 
2:00  p.m. 
6:00  p.m. 
7:30  p.m. 
8:00  p.m. 
8:30  p.m. 


8:00  a.m. 
8:00  a.m. 


WEDNESDAY,  MAY  5 

Registration,  Virginia  Junior  Academy  of  Science  (VJAS). 
VJAS  Committee  Meeting,  Byrd  Room. 

VJAS  General  Session,  Exhibit  Hall  B. 

VJAS  Social  Hour,  Exhibit  Hall  B. 

THURSDAY,  MAY  6 

Registration 

Virginia  Science  Talent  Interviews,  Rooms  1442,  1444,  1446, 
1448,,  1452. 

Concurrent  Sessions  of  VJAS.  Astronomy  and  Earth  Sciences, 
Virginia  Room;  Biochemistry,  Colony  Room;  Botany,  Do¬ 
minion  Room;  Chemistry,  Patrick  Henry  Room;  Engineering, 
Byrd  Room;  Mathematics,  Roof  Garden;  Microbiology,  Lee 
Room;  Physics,  Marshall  Room;  Psychology,  Washington 
Room;  Zoology,  Exhibit  Hall  B. 

Concurrent  Sessions  of  VJAS.  See  above. 

Meeting  of  Council,  Jackson  Room. 

VJAS  Committee  Dinner  Meeting,  Monroe  Room. 

VJAS  Business  Meeting,  Exhibit  Hall  B. 

Annual  Academy  Conference,  Exhibit  Hall  B. 

VJAS  Lecture,  Exhibit  Hall  B.  Robert  T.  Siegel,  Depart¬ 
ment  of  Physics,  College  of  William  and  Mary. 

FRIDAY,  MAY  7 

Registration 

Section  Meetings.  See  detailed  section  of  the  program. 
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10:00  a.m.  VJAS  Awards  Hour,  Exhibit  Hall  B. 

8:00  p.m.  Virginia  Academy  of  Science  Assembly.  Exhibit  Hall  B. 

Business  Meeting,  Election  of  Officers,  Awards,  Guest 
Speaker,  Sterling  Hendricks,  Chief  Scientist,  Mineral  Nutri¬ 
tion  Laboratory,  USDA  Photoperiodism. 


SATURDAY,  MAY  8 

8:00  a.m.  Section  Meetings.  See  detailed  section  of  the  program. 

9:30  a.m.  Conference,  Planning  for  Technical  and  Scientific  Post  High 
School  Education  in  Virginia.  See  detailed  section  of  the 
program.  Exhibit  Hall  B. 

10:00  a.m.  Meeting  of  Council,  Jackson  Room. 


Conference 


PLANNING  FOR  TECHNICAL  AND  SCIENTIFIC 
POST  HIGH  SCHOOL  EDUCATION  IN  VIRGINIA 

Saturday,  May  8— Exhibit  Hall  B 

It  is  generally  recognized  that  post  high  school  technical  and  scientific 
education  is  one  of  the  major  problems  facing  Virginia.  This  results  not  onlv 
from  the  worldwide  knowledge  explosion  but  also  from  the  increased  popu¬ 
lation  of  the  post  high  school  age  group.  In  the  recent  past,  the  Govern¬ 
ment  and  the  Legislature  have  undertaken  new  programs  and  studies  in  this 
area.  The  purpose  of  this  conference  is  to  discuss  the  needs  and  possible 
new  directions  under  consideration  to  provide  for  them.  The  conference 
will  confine  itself  to  undergraduate  post  high  school  training  with  special 
consideration  of  the  various  possible  Hvo-and  four-year  curricula. 

9:30-  9:40  Introductory  statements  by  the  Moderator,  Dr.  Fred  R.  Mill- 
hiser,  Laboratory  Director,  E.  I.  du  Pont  de  Nemours  &  Co., 
Benger  Laboratory,  Waynesboro,  Virginia 

9:40-10:00  George  L.  Sandvig,  Director,  Division  of  Vocational  Educa¬ 
tion,  State  Department  of  Education 

10:00-10:20  Dana  Hamel,  Director,  State  Department  of  Technical  Edu¬ 
cation 

10:20-10:40  Prince  B.  Woodard,  Director,  State  Council  of  Higher  Edu¬ 
cation 
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10:40-11:00  Henry  Tulloch,  Manager,  Employee  and  Public  Relations, 
Specialty  Control  Department,  General  Electric,  Waynes¬ 
boro,  Virginia 

11:00-12:00  General  Discussion 

12:00-  Fred  R.  Millhiser,  Closing  remarks 


Section  Of  Agricultural  Science 

Friday,  May  7—8:20  A.M. 

Colony  Room 


1.  8:30  The  Influence  of  Soils  and  Stratigraphy  on  the  Function  of 

Farm  Ponds,  Wells  and  Septic  Tank  Drainfield  Systems  in 
Southeastern  Chesterfield  County.  R.  L.  Hodges  and  W.  J. 
Edmonds,  V.P.I.  Health  Center,  Chesterfield 


•i 


3. 


4. 


o. 


8:45  Potassium  Availablitv  in  Nason  Soil  as  Influenced  bv  Am¬ 
monium  and  Lime.  L.  W.  Murdock  and  C.  I.  Rich,  Virginia 
Agricultural  Experiment  Station,  Blacksburg 

9:00  Effect  of  Nitrogen  on  Organic  Food  Reserves  and  Some  Phy¬ 
siological  Responses  of  Bentgrass  and  Bermudagrass  Grown 
under  Various  Temperatures.  R.  E.  Schmidt  and  R.  E. 
Blaser,  Virginia  Agricultural  Experiment  Station,  Blacksburg 

9:15  The  Effect  of  Various  Environmental  Factors  on  the  Herbi- 
cidal  Activity  of  EPTC.  Joseph  C.  Cialone,  Virginia  Truck 
Experiment  Station,  Painter 

9:30  The  Scale  Insects  of  Virginia,  Dennis  F.  Vest  and  Michael 
Kosztarab,  Virginia  Agricultural  Experiment  Station,  Blacks- 
burg 


6.  9:45  Copper  and  Zinc  Deficiency  Investigations  with  Wheat  and 

Soybeans  in  Southeastern  Virginia.  D.  L.  Hallock,  Virginia 
Agricultural  Experiment  Station,  Holland 

7.  10:00  Price  Elasticities  and  Price  Flexibilities  of  Selected  Farm  Food 

Products.  Olman  Hee,  Economic  and  Statistical  Analysis 
Division,  U.S.D.A.,  Washington 


10:15  Intermission 


8.  10:30  Development  of  New  Sweet  Potato  Varieties.  T.  J.  Nugent, 

Virginia  Truck  Experiment  Station,  Painter 
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9. 

10. 


11. 


12. 

13. 


14. 


15. 

16. 

17. 

18. 


19. 


20. 


10:45  Mode  of  Reproduction  of  the  Undescribed  Horsenettle  and 
Osborne’s  Cyst  Nematodes.  Lawrence  I.  Miller  and  Betty 
J.  Gray,  Virginia  Agricultural  Experiment  Station,  Holland 

11:00  Variation  in  Development  of  Eleven  Isolates  of  the  Soybean 
Cyst  Nematode,  Heierodera  glycines,  on  Six  Legumes.  Nancy 
T.  Whitfield,  Paul  L.  Duke,  and  L.  I.  Miller,  Virginia  Agri¬ 
cultural  Experiment  Station,  Holland 

11:15  A  Promising  New  Experimental  Nematocide  Candidate  for 
the  Control  of  Plant  Parasitic  Nematodes.  John  H.  Wilson, 
Jr.,  Thomas  M.  Nelton,  and  Charles  H.  Downing.  V-C 
Chemical  Co.,  Richmond 

11:30  Paper  by  Member  of  Junior  Academy 

11:45  Laying  House  Performance  as  Affected  by  Zinc  Bacitracin 
When  Used  for  Varying  Periods  of  the  Bird’s  Life.  C.  E. 
Holmes,  E.  L.  Wisman  and  C.  Y.  Kramer,  Virginia  Agricul¬ 
tural  Experiment  Station,  Blacksburg 

12:00  Adjourn  for  lunch 

1:15  Lock  Type,  Follicular  Characteristics  and  Medullation  in 
Texas  and  South  African  Angora  Does.  Lubow  A.  Margo- 
lena,  Animal  Husbandry  Research  Division,  ARS,  U.S.D.A., 
Beltsville 

1:30  Genetic  Parameters  of  Growth  Traits  in  Sheep.  R.  L.  Wilson, 
R.  C.  Carter,  and  D.  W.  Vogt,  Virginia  Agricultural  Experi¬ 
ment  Station,  Blacksburg 

1:45  Heterosis  in  Carcass  Characteristics  from  Breed  Crossing  in 
Beef  Cattle.  G.  V.  Richardson,  D.  W.  Vogt,  and  J.  A.  Gaines, 
Virginia  Agricultural  Experiment  Station,  Blacksburg. 

2:00  Factors  Affecting  ROP  Test  Performance  of  Beef  Bulls. 
Robert  R.  Schalles  and  Thomas  }.  Marlowe,  Virginia  Agricul¬ 
tural  Experiment  Station,  Blacksburg 

2:15  Some  Factors  that  Influence  the  Sale  Price  of  Virginia  Per¬ 
formance  Tested  Bulls.  George  A.  Morrow  and  Thomas  J. 
Marlowe,  Virginia  Agricultural  Experiment  Station,  Blacks- 
burg 

2:30  Summer  Gains  and  Fall  Weights  of  Beef  Cows  in  1964  as 
Affected  by  Pregnancy  Status,  Lactation  Status,  Age  and  In- 
breeding.  K.  P.  Bovard  and  B.  M.  Priode,  Virginia  Agricul¬ 
tural  Experiment  Station,  Front  Royal. 

2:45  Variation  of  Site  Index  of  Yellow  Poplar  on  Five  Southwestern 
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21. 

22. 


23. 

24. 


1. 

2. 

3. 

4. 

5. 

6. 
7. 


Virgina  Soil  Types.  David  H.  VanLear  and  John  F.  Hosner, 
Virginia  Agricultural  Experiment  Station,  , Blacksburg 

3:00  Treatment  of  Pine  with  Silicates.  Jean  Thomas,  Radford 
College 

3:15  Loblolly  Pine  Survival  and  Early  Growth  as  Affected  bv  Hard 
Pan  Layer  in  Immokalee  Sand.  W.  W.  Moschler,  H.  C. 
Porter  and  }.  E.  Moody,  Virginia  Agricultural  Experiment 
Station,  Blacksburg. 

3:30  Corn  Response  to  Fertilizer  on  Congaree  Loam.  J.  A.  Lutz,  Jr., 
Jr.,  P.  H.  Hoepner,  G.  D.  Jones  and  }.  E.  Moody,  Virginia 
Agricultural  Experiment  Station,  Blacksburg 

3:45  Studies  on  the  Nematode  Lungworm  Troglostrongylus  wilsoni 
(Strough,  1953)  Sarminto  Strough,  1956.  H.  L.  Klewer,  Vir¬ 
ginia  Agricultural  Experiment  Station,  Blacksburg 

Section  Of 

Astronomy,  Mathematics  And  Physics 

Friday,  May  7—8:30  A.M. 

Roof  Garden 

8:30  A  New  Vacuum  Valve  for  Rough  Pumping.  A.  C.  Mac¬ 
Donald,  University  of  Virginia 

8:42  Perturbation  of  the  D.  C.  Current  in  a  Penning  Gauge  Dis¬ 
charge  by  Applied  VHF  Signals.  D.  B.  Raiford  and  M.  D. 
Holt,  College  of  William  and  Mary 

9:00  Oscillation  Properties  of  a  Penning  Gauge.  M.  D.  Holt  and 
D.  B.  Raiford,  College  of  William  and  Mary 

9:15  Precision  Correction  of  the  Magnetic  Field  of  a  large  Synchro¬ 
cyclotron.  R.  T.  Siegel  and  H.  O.  Funsten,  College  of  Wil¬ 
liam  and  Mary 

9:27  Optical  Properties  and  Surface  Activities  of  Fresh  Thin 
Metal  Films  Deposited  in  Ultra  High  Vacuum.  J.  H.  Kim  and 
H.  Y.  Loh,  Virginia  Polytechnic  Institute 

9:40  A.  Theorem  of  Cantrell  and  a  Fundamental  Group.  P.  H. 
Doyle,  Virginia  Polytechnic  Institute 

9:52  Treatment  of  Instrumental  Distortion.  William  C.  Sauder, 
Virginia  Military  Institute 
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8. 


9. 


10. 


11. 


12. 

13. 


14. 


15. 


16. 

17. 

18. 
19. 


10:07  Optical  Evaluation  of  Telescopes  Using  a  Shearing  Interfero¬ 
meter.  L.  W.  Fredrick  and  P.  Knappenberger,  University  of 
Virginia 

10:20  Coffee  Break 

10:35  Zero  Crossing  Effect  on  Time  Jitter.  T.  M.  Amos,  and  W.  T. 
Joyner,  Hampden-Sydney  College 

10:47  Experiments  with  a  Nitrogen  Laser.  J.  T.  Fecteau  and  B.  J. 
Lieb,  College  of  William  and  Mary 

11:02  A  Saturable  Absorber  Q-Spoiler  for  the  Ruby  Laser.  John 
H.  Wood  and  T.  E.  Gilmer,  Jr.,  Virginia  Polytechnic  Institute 

11:15  Measurement  of  Sedimentation  by  Multiple  Beam  Interfero¬ 
metry  Using  a  Laser.  Jesse  W.  Beams,  University  of  Vir¬ 
ginia 

11:27  An  Attempt  to  Detect  Radiation  Damage  in  Iron  Using  the 
Mossbauer  Effect.  A.  Campbell,  K.  Isebeck,  and  F.  Pobell, 
Laboratorium  fur  Technische  Physik  der  Technischen  Hoch- 
schule  Munchen,  Munchen,  West  Germany 

11:42  Electron  Diffraction  from  Thin  Oxide  Films.  Don  F.  Mitchell 
and  K.  R.  Lawless,  University  of  Virginia 
Lunch  Break 

1:30  Business  Meeting 

1:45  Outstanding  Paper.  Virginia  Junior  Academy  of  Science 

CONCURRENT  SESSION  A 
Roof  Garden 

D.  Rae  Carpenter,  Jr.,  Secretary,  Presiding 

2:05  The  Elastic  Constants  of  NaF,  NaCl,  and  NaBr  at  4.2°  K. 
J.  T.  Lewis,  C.  V.  Briscoe,  and  S.  L.  Lehoczky,  The  Univer¬ 
sity  of  North  Carolina  at  Chapel  Hill 

2:17  Isothermal  Phase  Change  in  Cerium  at  80°  K.  William  S. 
McEver,  R.  Wayne  Major,  and  T.  E.  Leinhardt,  Virginia  Poly¬ 
technic  Institute 

2:30  The  Interaction  Between  Vacancies  and  Dislocations.  Doris 
Kuhlmann-Wilsdorf,  University  of  Virginia 

2:45  Superconductivity  in  Cerium  Doped  Lead.  John  J.  Monroe, 
Jr.,  G.  P.  Gallup,  and  T.  E.  Leinhardt,  Virginia  Polytechnic 
Institute 
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20. 

21. 

22. 

23. 

24. 

25. 


26. 

27. 

28. 


29. 

30. 

31. 


32. 

33. 


2:55  Interfacial  Dislocations  Between  Gold  and  Palladium.  J.  W. 
Matthews,  University  of  Virginia 

3:07  Self-diffusion  in  Sodium  Single  Crystals.  Rama  Murthv 
Aiyawar  and  Addison  D.  Campbell,  University  of  Richmond 

3:22  Epitaxial  Growth  of  Gold  on  Sodium  Chloride.  J.  W. 
Matthews,  University  of  Virginia 

3:35  Ge  Films  on  Ca  F2— I.  Calvin  O.  Tiller  and  Billy  W.  Sloope, 
Virginia  Institute  for  Scientific  Research 

3:47  Ge  Films  on  Ca  F2— II.  Billy  W.  Sloope  and  Calvin  O.  Tiller, 
Virginia  Institute  for  Scientific  Research 

4:00  The  Effect  of  Chemical  Polishing  on  the  Strength  and 
Fracture  Characteristics  of  “Amorphous”  Boron  Filaments. 
F.  E.  Wawner,  Jr.,  Texaco  Experiment,  Incorporated 

4:15  A  Calculation  of  the  Ground-State  Energy  of  Liquid  Helium 
II.  Lewis  L.  Lacy  and  Clayton  D.  Williams,  Virginia  Poly¬ 
technic  Institute 

4:27  Magnetoresistance  of  Single-Crystal  Silver  Films.  D.  C. 
Larson  and  R.  V.  Coleman,  University  of  Virginia 

4:42  The  Growth  and  Annealing  of  Stacking  Fault  Tetrahedra. 
Doris  Kuhlmann-Wilsdorf,  University  of  Virginia 

CONCURRENT  SESSION  B 
Chateau  Suite 

W.  D.  Whitehead,  Chairman,  Presiding 

2:05  Lithium  Drifted  Germanium  Detectors  for  Nuclear  Radiation. 
Arthur  J.  Levy,  University  of  Virginia 

2:17  Microwear  Studies  by  Neutron  Activation  Analysis.  James 
Fortune  and  A.  K.  Furr,  Virginia  Polytechnic  Institute 

2:30  Search  for  Evidence  of  Positron  Emission  in  the  Decay  of 
Chlorine  36— A  Student  Project.  W.  R.  Tolbert,  E.  V.  Shrum, 
E.  T.  Hutcheson  and  L.  M.  Diana,  University  of  Richmond. 

2:45  (d,  p  y )  Angular  Correlation  Experiments  for  Low  Q  Value 

Reactions.  Andrew  P.  Borden,  University  of  Virginia 

2:57  A  Method  of  Determining  Resonance  Escape  Probabilities  in 
Thoriumwater  Lattices.  E.  Stam  and  A.  Robeson,  Virginia 
Polytechnic  Institute 
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34. 


35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 


1. 

2. 

3. 
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3:10  The  Half-life  of  Lutecium— 176  m.  Ronald  Winters  and  A. 
K.  Furr,  Virginia  Polytechnic  Institute 

3:22  Ultraviolet  Absorption  Method  of  Observing  Sedimentation. 

F.  N.  Weber,  Jr.,  University  of  Virginia 

3:35  Partial  Specific  Volume  Measurements.  James  P.  Senter, 
University  of  Virginia 

4:47  Emf  Measurements  in  a  Centrifugal  Field.  Alan  S.  Koralek, 
University  of  Virginia 

4:00  Sensitive  Density  Determinations  on  Macroscopic  Specimens, 
J.  A.  Sigler,  University  of  Virginia 

4:12  Infrared  Absorption  Spectrum  of  Single  Crystal  Sulfur  in  the 
35-55  Micron  Region.  R.  E.  Douglas,  W.  T.  Towles,  and 
T.  E.  Gilmer,  Jr.,  Virginia  Polytechnic  Institute 

4:25  Solution  of  the  Transient  Equations  for  the  V.P.I.  Reactor  by 
an  Analog  Computer.  Jules  P.  Letellier  and  Ronald  J. 
Onega,  Virginia  Polytechnic  Institute. 

4:37  Pulsed  Neutron  Measurements  in  Heavy  Water.  H.  G.  Jones, 

G.  N.  Salaita,  and  A.  Robeson,  Virginia  Polytechnic  Institute 

4:50  Preliminary  Design  Aspect  of  a  Quadrupole  Pion-Muon 
Channel.  H.  O.  Funsten,  R.  T.  Siegel,  and  J.  Waters,  Col¬ 
lege  of  William  and  Mary 

Section  Of  Biology 

Friday,  May  7—8:00  A.M. 

Patrick  Henry  Room 

8:00  Announcements  and  introductory  remarks.  Carolyn  Wells, 
Chairman,  Biology  Section,  presiding. 

8:15  Some  Physiological  Changes  Associated  with  Fatal  Fear- 
Stress  in  the  Gray  Squirrel  ( Sciurus  carolinensis) .  Donald  R. 
Guthrie,  Virginia  Polytechnic  Institute 

8:30  Congenital  Malformations  Associated  with  the  Manx  Syn¬ 
drome  in  Cats.  Joyce  Howell,  Virginia  Polytechnic  Institute 

8:45  Effects  of  Indole-3-Acetic  Acid  and  Gibberelic  Acid  on  Re¬ 
generation  in  Planarians.  Margaret  J.  Connell  and  Marie  M. 
Jenkins,  Madison  College 
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4.  9:00 

5.  9:15 

6.  9:30 

7.  9:45 

8.  10:00 

9.  10:15 

10.  10:30 


11.  10:45 

12.  11:00 

13.  11:15 

14.  11:30 

15.  11:45 


12:00 


A  Study  of  the  Annual  Period  of  Spermatogenesis  in  Urycyon 
ciner  oar  gent  eus  cineroargenteus  in  Rockingham  County,  Vir¬ 
ginia.  Robert  A.  Graves,  Madison  College 

Amino  Acid  Metabolism  in  Drosophila  melanogaster.  M.  E. 
Jacobs,  Goshen  College,  Goshen,  Indiana 

Analysis  of  the  Pigment  Produced  by  a  Purple  Mutant  of  a 
Melanoid  Strain  of  Podospora  anserina  Niessel.  James  E. 
Perham,  Randolph-Macon  Woman’s  College 

Activation  Analysis  of  the  Neural  System  of  Planaria.  Cadet 
John  G.  Yeager,  Virginia  Military  Institute 

A  Preliminary  Report  on  Dominant  and  Recessive  Lethals  in 
Anoetid  Mites.  Carolina  Goode  Jackson  and  Roscoe  D. 
Hughes,  Medical  College  of  Virginia 

Studies  on  the  Development  of  Blatticola  blattae  (Graeffe, 
1860)  and  Schwenk,  1926,  within  its  Host  Blattella  germanica 
(L.).  C.  T.  Cali,  Medical  College  of  Virginia 

Pathological  Histology  of  gills  of  Carassius  auratus  and  Larval 
Amby stoma  opacum  treated  with  the  poison  of  Lophopodella 
carteri.  Eric  J.  Collins,  Wilton  R.  Tenney,  and  William  S. 
Woolcott,  Jr.,  University  of  Richmond 

Inversions  in  a  Marginal  Population  of  Drospophila  willistoni, 
J.  Ives  Townsend,  Medical  College  of  Virginia 

Histological  and  Cytological  Changes  in  the  Dueodenum  of 
Hyla  versicolor  during  Metamorphosis.  Henry  B.  Robinson, 
Roanoke  College 

A  Systematic  Study  of  the  Percid  Fish,  Percina  notogramma, 
(Ramey  and  Hubbs)  in  Virginia  and  Maryland,  William  T. 
Hogarth  and  William  S.  Woolcott,  University  of  Richmond 

Evaluation  of  Prescribed  Burning  in  relation  to  Available 
Deer  Browes.  David  K.  Mumaw.  Virginia  Polytechnic  In¬ 
stitute 

A  Comparison  of  Four  Methods  of  Aging  White  Tailed  Deer 
( Odocoileus  virginianus) .  David  R.  Urbston,  Virginia  Poly¬ 
technic  Institute 

Lunch 


1:30  Section  Business  Meeting 

2:00  Invited  Paper.  Developmental  Behavior  of  Intramuscular  Pig- 
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ment  Cells.  William  M.  Reams,  Jr.,  University  of  Richmond 
2:30  Outstanding  VJAS  Paper  in  Botany 
2:45  Outstanding  VJAS  Paper  in  Zoology 

16.  3:00  Natural  Control  of  the  Bagworm.  H.  M.  Kulman,  Virginia 

Polytechnic  Institute 

17.  3:15  Geographic  Variation  in  Lygosoma  laterale  (Sauria:  Scinci- 

dae):  A  Preliminary  Report.  G.  R.  Brooks,  College  of  Wil¬ 
liam  and  Mary 

18.  3:30  A  Freshwater  Hymenostome  Ciliate  from  Southern  India. 

Jesse  C.  Thompson,  Jr.,  Hampden-Sydney  College 


19.  3:45  Analysis  of  Taxonomic  Criteria  as  Applied  to  the  Genus  Mono- 

tropa.  O.  W.  Gupton,  Virginia  Military  Institute 

20.  4:00  Results  from  Surface  Plankton  Samples  Taken  in  the  Chesa¬ 

peake  Bay  between  Norfolk,  Virginia  and  Cambridge,  Mary- 
lead.  Harold  G.  Marshall,  Old  Dominion  College 

21.  4:15  Sexual  Variation  in  Flowers  of  Corphoid  Palms.  Leonard 

Morrow,  Richmond  Professional  Institute 

22.  4:30  The  Phycobionts  of  Clavaria  mucida  Pers.  and  C.  phycophila 

Leathers  in  Culture.  John  H.  Green,  Clinch  Valley  College 
of  the  University  of  Virginia 


23.  4:45  Acanthocephala  of  Vertebrates  Collected  in  the  McMurdo 

Base,  Antarctica  Area.  Harry  L.  Holloway,  Jr.,  Roanoke 
College 


24.  5:00  Post-glacial  Speciation  of  Peromyscus  in  Eastern  North 

America.  Joseph  H.  Waters,  Roanoke  College 


Section  Of  Chemistry 

Friday,  May  7—8:40  A.M. 

Marshall  Room 

8:40  Announcements,  Introductory  Remarks 

1.  8:45  Chemistry  of  Nitryl  Chloride.  David  L.  Myers  and  John  H. 

Wise,  Department  of  Chemistry,  Washington  and  Lee  Uni¬ 
versity 

9:00  Production  of  Allene  and  Methylacetylene  in  the  Reaction 


2. 
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3.  9:15 

4.  9:30 

5.  9:40 

6.  9:50 


7.  10:00 


8.  10:15 


9.  10:30 


10.  10:45 


IT  10:55 

12.  11:05 


of  Atomic  Carbon  with  Ethvlene.  Maryan  L.  Marshall, 
Department  of  Chemistry,  Randolph-Macon  Woman’s  Col- 
loge;  Colin  MacKav,  Department  of  Chemistry,  Haverford 
College;  Richard  Wolfgang,  Department  of  Chemistry,  Yale 
University 

The  Reaction  of  Carbon  with  Atomic  Oxygen.  R.  C.  Melucci 
and  J.  P.  Wrightman,  Department  of  Chemistry,  Virginia 
Polytechnic  Institute 

An  Apparatus  for  the  Study  of  Dissociation  of  Gases.  John 
W.  Murray,  Department  of  Chemistry,  Virginia  Polytechnic 
Institute 

A  Study  of  the  Early  Phases  of  Reaction  of  Gases  on  Single 
Crystal  Metal  Surfaces  bv  Low  Energy  Electron  Diffraction 
Techniques.  G.  W.  Simmons  and  K.  R.  Lawless,  Department 
of  Materials  Science,  University  of  Virginia 

Rearrangement  of  a  Platinum  Catalvtic  Surface.  Szu-I  Wu, 
L.  B.  Johnson  and  K.  R.  Lawless,  Department  of  Materials 
Science,  Universitv  of  Virginia 

An  Electron  Microscopic  Investigation  of  the  Oxidation  of 
Copper  Single  Crystals  in  Solutions  of  Copper  Formate  and 
Cupric  Perchlorate.  R.  W.  Topham  and  G.  T.  Miller,  Jr., 
Department  of  Chemistry,  Hampden-Sydney  College 

A  Theoretical  Model  for  a  Chemiluminescent  Gas  Trial  Re¬ 
leased  in  the  Upper  Atmosphere.  R.  A.  Hord,  National 
Aeronautics  and  Space  Administration,  Langley  Research 
Center 

Electronegativitv  and  the  Stabilitv  of  Cvclopentadienvl  Iron 
Carbonyl  Derivatives.  George  Hollis  Miller  and  Joseph  T. 
Zung,  Chemistry  Department,  College  of  William  and  Mary 

Approximate  Wave  Function  for  Short  Range  Nuclear  Poten- 
tail,  and  its  Applications  to  Two  and  Three  Body  Problems. 
Joseph  T.  Zung,  Chemistry  Department,  College  of  William 
and  Mary 

Concerning  the  Nature  of  Aqueous  Formaldehyde.  H.  E. 
Ulmer,  D.  S.  Shriver,  C.  H.  Hibbitts,  Allied  Chemical  Cor¬ 
poration 

COo  Removal  from  Synthesis  Gas— Dimethylether  of  Polyethy¬ 
lene  Glycol  and  Milxed  Solvent  Processes.  P.  A.  Greene, 
Allied  Chemical  Corporation 
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14.  1:30  Low  Temperature  V^coelasticity  of  Poly-oxymethylene  by 

Radiation  Induced  Solid  State  Polymerization  of  Trioxane 
Single  Crystal.  M.  Okuyama  and  K.  Yamamoto,  Department 
of  Polymer  Science,  Osaka  University,  Japan;  and  Joseph  T. 
Zung,  Department  of  Chemistry,  College  of  William  and 
Mary 


15. 

16. 

17. 


18. 

19. 


20. 


21. 


1:45  The  Biosynthesis  of  the  Antibiotic,  Citrinin.  O.  R.  Rodig, 
L.  C.  Ellis  and  I.  T.  Glover,  Department  of  Chemistry,  Uni¬ 
versity  of  Virginia 

2:00  Molecular  Aging  and  eSnescence,  with  a  Special  Reference  to 
Collagen.  I.  Gordon  Fels,  Virginia  Institute  for  Scientific 
Research;  Sponsor,  Henry  Leidheiser,  Jr. 

2:15  Novel  hPotochemical  and  Catalyzed  Inter-rearrangements  of 
Phenylated  3,4-  and  4,5-Dihydrofurans,  Cyclopropyl  Ketones 
and  /?,  y-Unsaturated  Ketones.  Part  I.  bis-2,2’-(3,4-Dihydro- 
furanyl)  Hydrazines.  II.  3,4-  and  4,5-Dihydrofurans.  III. 
Vinylogs  of  Benzipinacol.  IV.  y-Bromodypnone.  V.  /3,  y- 
Unsaturated  Ketones.  Robert  E.  Lutz,  David  W.  Boykin,  Jr., 
Robert  G.  Bass  and  Robert  E.  Pratt,  Department  of  Chemis¬ 
try,  University  of  Virginia 

2:45  Opening  the  Morpholine  Ring  in  Morpholine  Derivatives. 
Frank  A.  Vingiello  and  Roger  Duranleau,  Chemistry  Depart¬ 
ment,  Virginia  Polytechnic  Institute 

2:55  The  Preparation  of  Phenanthro  (2,  3,  4-fg)  naphthacene— 
11— one.  Frank  A.  Vingiello,  Tom  Greenwood,  Chemistrv  De¬ 
partment,  Virginia  Polytechnic  Institute  and  Muriel  Jones, 
Chemistry  Department,  Randolph-Macon  Woman’s  College 

3:05  7-Phenyldibenz  (a,h)  anthracene  and  Benzo  (e)  naphtho 
(1,2  -  b)  pyrene.  Frank  A.  Vingiello,  Chemistry  Depart¬ 
ment,  Virginia  Polytechnic  Institute,  and  Paul  D.  Henson, 
Chemistry  Department,  Roanoke  College 

3:20  The  Guanylhydrazones.  James  K.  Shillington,  Thomas  P. 
Foley,  Jr.,  F.  Scott  Kennedy,  Jr.,  and  William  Scott  Russell, 
Jr.,  Department  of  Chemistry,  Washington  and  Lee  Univer¬ 
sity 
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22.  3:30  A  Paper  Chromatography  Analysis  Involving  Sugars  for  the 

Elementary  Organic  Laboratory.  James  K.  Shillington  and 
Herbert  J.  Mitchell,  Department  of  Chemistry,  Washington 
and  Lee  University 

23.  3:40  A  Freshman  Chemistry  Course  for  Well  Prepared  Students. 

William  J.  Watt,  Department  of  Chemistry,  Washington  and 
Lee  University 


24.  3:50  Studies  on  a-Aminoalkanesulfonic  Acids.  R.  G.  Bass,  Depart¬ 

ment  of  Chemistry,  Richmond  Professional  Institute,  J.  Doyle 
Smith  and  J.  Andrako,  Department  of  Chemistry  and  Phar¬ 
maceutical  Chemistry,  Medical  College  of  Virginia 

25.  4:00  A  Synthesis  of  C14-Labeled  Pyrene.  R.  P.  Gerber,  Philip 

Morris  Research  Center 


26.  4:15  Structural  Relation  to  Chromatographic  Behavior  in  the  Gas 

Chromatography  of  Carbamates.  Walter  L.  Zielinski,  Jr., 
Lawrence  Fishbein  and  Arthur  J.  Pallotta,  Bionetics  Research 
Laboratories,  Incorporated 

27.  4:30  Polarographv  of  Biphenyl  in  Alcoholic  Dimethvlformamide 

Solutions.  John  G.  Mason  and  William  I.  Williams,  Depart¬ 
ment  of  Chemistry,  Virginia  Polytechnic  Institute 

28.  4:40  The  Direct  Potentiometric  Titration  of  Polyethylene  Glvcols 

and  Their  Derivatives  with  Soldium  Tetraphenvlboron.  Robert 
J.  Levins  and  Robert  M.  Ikeda,  Philip  Morris  Research  Center 


Section  Of  Engineering 

Friday,  May  7—8:30  A.M. 

Jackson  Room 

1.  8:30  Random  Response  of  Second-Order  Control  System  to  Damp¬ 

ing  Ratio  with  Rayleigh  Distribution.  Man  Young  Rhee,  Vir¬ 
ginia  Polytechnic  Institute 

2.  8:45  Comparison  of  Open  and  Closed  Svstem  Freezing  and  Thaw¬ 

ing  Tests  of  a  Lime  Stabilized  Clay  Soil.  Erkan  Esmer  and 
Richard  D.  Walker,  Virginia  Polytechnic  Institute. 

3.  9:00  THOo-U233  02  Recycle  Fuel  Fabrication,  Part  I— Fuel  Prepara¬ 

tion  by  the  Sol  Gel  Process.  Donald  A.  Nitti,  The  Babcock  & 
Wilcox  Company 
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4. 

5. 

6. 
7. 


8. 

9. 

10. 

11. 

12. 


13. 

14. 

15. 


9:20  THO2-U23302  Recycle  Fuel  Fabrication,  Part  II— Fuel  Rod 

Fabrication.  L.  D.  Barnes,  The  Babcock  &  Wilcox  Company 

9:40  Nails  and  Spikes  in  Hickory.  E.  George  Stern,  Virginia 
Polytechnic  Institute 

9:55  A  New  Antenna  for  Space  Commuication  and  Tracking  Ap¬ 
plications.  Stanley  R.  Jones,  Aero  Geo  Astro 

10:10  Methods  of  Testing  Nails  and  Their  Influence  on  Production 
Control.  E.  George  Stern,  Virginia  Polytechnic  Institute 

10:25  Break 

10:40  A  Qualitative  Analysis  of  the  Mechanical  Forces  Imposed  on 
the  Cutting  Edge  of  a  Razor  Blade  While  Shaving.  James  B. 
Kruger,  American  Safety  Razor  Company 

11:00  Experimental  Determination  of  the  Hydrogen  Content  in 
Ordinary  Concrete  Used  for  Neutron  Shielding.  W.  R.  John¬ 
son,  R.  L.  Spessard,  D.  H.  Risher,  University  of  Virginia 

11:15  Neutron  Spectrum  Measurements  in  the  Spectral  Shift  Con¬ 
trol  Reactor  Critical  Experiments.  M.  E.  Baldwin,  The  Bab¬ 
cock  &  Wilcox  Company 

11:30  Simulation  of  Nuclear  Engineering  Experiments  for  High 
School  Students.  T.  G.  Williamson  and  W.  Reed  Johnson,  Uni- 
versitv  of  Virginia 

11:45  The  Chambered  Pipe  Silencing  Concept  of  Exhaust  System 
Design.  E.  C.  Lentz,  Walker  Manufacturing  Company 

12:10  Section  Business,  Luncheon  (announcements,  election  of  offi¬ 
cers,  etc.) 

1:50  Outstanding  Virginia  Junior  Academy  of  Science  Paper. 

2:10  Modern  Architectural  Acoustics  Practices.  Warren  L.  Braun, 
WSVA  AM-FM-TV 

2:30  Symposium  on  Instrumentation  and  Controls  (Prominent 
speakers  will  be  announced  later.  The  topics  to  be  covered 
include  laboratory  instrumentation,  instrumentation  and  con¬ 
trols  for  bio-medical  engineering,  computer  controlled  build¬ 
ings,  spacecraft  instrumentation,  how  to  get  help  in  solving 
specific  instrument  and  control  problems,  etc.) 

5:30  Close 
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1. 

2. 

3. 

4. 

5. 


6. 


7. 

8. 


9. 

10. 

11. 

12. 


SATURDAY,  MAY  8-8:30  A.M. 

ENTIRE  SECTION  MINUS  MATERIAL  SCIENCE  (SESSION  A) 
Washington  Room 

8:30  Transistor  Controlled  Electromagnetic  Balance  for  Use  in  a 
Low  Density  Wind  Tunnel.  William  R.  Towler  and  William 
H.  Dancy,  Jr.,  University  of  Virginia 

8:45  The  Influence  of  Surface  Layers  of  Adsorbed  Gas  on  Skin 
Friction  at  Low  Densities.  Mahfouz  N.  Bishara  and  A.  R. 
Kuhlthau 

9:00  Improvements  in  the  Waste  Treatment  Plant  of  a  Frozen  Food 
Manufacturer.  James  B.  McArthur,  Jr.,  Morton  Frozen  Food 

9:15  Sphere  Drag  at  Low  Densities.  Winfred  M.  Phillips  and  A. 
R.  Kuhlthau,  University  of  Virginia 

9:30  Stabilization  of  Nonplastic  Soils  with  Lime  and  Calcium  Car¬ 
bonate.  R.  D.  Krebs,  Yukeum  Lee,  and  Tai-Chou  Hesieh, 
Virginia  Polytechnic  Institute 

9:45  Velocity  Distributions  in  Aerodynamic  Molecular  Beams.  John 
F.  Moonan  and  John  E.  Scott,  Jr.,  University  of  Virginia 

10:00  Analytical  Fitting  of  the  Neutron  Flux  Distribution  in  the 
Reflector  of  the  University  of  Virginia  Reactor.  J.  W.  Folsom 
and  J.  L.  Meem,  University  of  Virginia 

10:15  An  Investigation  of  Slip  Factors  in  Vertical  Risers.  John  A. 
Doyle  and  C.  E.  Schwartz,  University  of  Virginia 

10:30  Break 

10:45  Processing  of  Sewage  Sludges  by  Heat  Syneresis.  John  Harri¬ 
son  and  H.  R.  Bungay,  III,  Virginia  Polytechnic  Institute 

11:00  Mixing  Characteristics  of  Non-Newtonian  Dilatant  Fluids. 
Richard  G.  Green,  Robert  A.  Bajefsky  and  Richard  G.  Gris- 
key,  Virginia  Polytechnic  Institute 

11:15  Simplified  Equations  for  the  Determintion  of  Beam  Factors. 
Robert  C.  Heterick  and  George  A.  Gray,  Virginia  Polytechnic 
Institute 

11:30  Rate  of  Growth  of  Single  Crystals  in  Continuous  Crystallizers 
of  Varied  Geometries.  V.  N.  Bahai  and  Richard  G.  Griskey, 
Virginia  Polytechnic  Institute 
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13.  11:45  Analytical  and  Model  Studies  of  Torsion  in  Reinforced  Con¬ 

crete  Beams.  George  R.  Buchanan  and  George  A.  Gray,  Vir¬ 
ginia  Polytechnic  Institute 

14.  12:00  Analysis  of  Continuous  Folded  Plates.  Frederick  W.  Beaufait 

and  George  A.  Gray,  Virginia  Polytechnic  Institute 

15.  12:15  Improved  Alignment  Procedures.  James  L.  Hammer,  Virginia 

Polytechnic  Institute 

16.  12:25  Moment-Rotation  Relationships  of  Reinforced  Concrete 

Beams  with  and  without  Web  Openings.  Richard  M.  Barker 
and  Chung  Nan  Cheng,  Virginia  Polytechnic  Institute 

12:40  Close 


SATURDAY,  MAY  8-8:30  A.M. 
MATERIAL  SCIENCE  (Session  B) 
Byrd  Room 


1.  8:30  Polymer  Compressibilities  at  High  Temperature  and  High 

Pressure.  George  Foster,  Nathan  Waldman  and  R.  G.  Gris- 
key,  Virginia  Polytechnic  Institute 

2.  8:45  Calorimetric  Behavior  of  Polymeric  Materials  at  High  Tem¬ 

perature.  Douglas  Hubble,  R.  G.  Griskev  and  George  Foster, 
Virginia  Polytechnic  Institute 

3.  9:00  Single  Crystal  Germanium  Films.  R.  R.  Humphries,  Univer¬ 

sity  of  Virginia 

4.  9:15  Relationship  of  Ammonia-Hydrogen  Ratio  to  Nitride  Case 

Thickness  in  AISI  304  Stainless  Steel.  B.  N.  Ferry  and  J.  F. 
Eckel,  Virginia  Polytechnic  Institute 


5.  9:30  Effect  of  Temperature  and  Concentration  of  Corrosive  Media 

on  Stress  Corrosion  of  AISI  304  Stainless  Steel.  A.  B.  Greene 
and  J.  F.  Eckel,  Virginia  Polytechnic  Institute 

6.  9:45  Polyvinyl  Chloride  Electrets:  Effect  of  Environment  on  Sur¬ 

face  Charge.  R.  A.  Draughn,  University  of  Virginia 

7.  10:00  Effects  of  Reactor  Wall  Cone  Angle  and  Gas  Distributor 

Design  o  n  Tungsten  Coatings  by  Hydrogen  Reduction  of 
Tungsten  Fluoride  in  a  Fluidized  Bed  of  Copper  Spheres.  J.  R. 
Carpenter,  Jr.,  Virginia  Polytechnic  Institute 
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8.  10:15 

10:30 

9.  10:45 

10.  11:00 

11.  11:15 

12.  11:30 

13.  11:45 

14.  12:00 

15.  12:15 

16.  12:30 

12:45 

9:30 

1.  9:35 

2.  9:50 
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An  X-Ray  Diffraction  Technique  for  the  Determination  of 
Retained  Austenite  in  Martensitic  Stainless  Steels.  R.  G.  Con¬ 
nell,  Virginia  Polytechnic  Institute 

Break 

Electrochemical  Aspects  of  Thrombosis  and  Blood  Coagula¬ 
tion.  D.  B.  Matthews,  University  of  Virginia 

Design  of  a  Dilatometer  for  the  Investigation  of  Volume 
Changes  Caused  bv  Stress  Induced  Solid  State  Transforma¬ 
tions.  R.  E.  Smith  and  J.  F.  Eckel,  Virginia  Polytechnic  In¬ 
stitute 

The  Mechanisms  and  Theory  of  Surface  Diffusion  on  Solids. 
W.  M.  Franklin,  University  of  Virginia 

An  Investigation  of  Sulfur— Selenium  Glasses.  A.  J.  Metzger 
and  F.  C.  Miller,  Virginia  Polytechnic  Institute 

Structure  of  Electrodeposited  Metal  Films.  E.  R.  Thompson 
and  K.  R.  Lawless,  University  of  Virginia 

The  Use  of  X-Rav  Diffraction  Studies  for  Diffusion  Studies,  T. 
T.  Bales,  D.  N.  Braski  and  C.  R.  Houska,  Virginia  Polytechnic 
Institute 

On  the  Behavior  of  Vacancies  and  Ag  Atoms  in  a  Quenched 
and  Aged  Al-Ag  Alloy.  G.  E.  Ruddle,  University  of  Virginia 

A  Relationship  Between  the  Amplitude  of  Atomic  Vibrations 
and  the  Thermal  Expansion  of  Crystalline  Solids.  B.  A.  Stein 
and  C.  R.  Houska,  Virginia  Polytechnic  Institute 

Close 


Section  Of  Geology 

Friday,  May  7,— 9:30  A.M. 

Lee  Room 

Announcements 

Flow  and  Sedimentation  of  the  Chesapeake  Bay  Entrance.  M. 
M.  Nichols,  Virginia  Institute  of  Marine  Science 

Distribution  of  Foraminifera  and  “Thecamoebians”  in  the 
Patuxent  Estuary,  Maryland.  }.  Christensen  and  R.  L.  Elli¬ 
son,  University  of  Virginia 
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3.  10:00 

4.  10:10 

10:20 

5.  10:40 

6.  10:50 

7.  11:05 

11:20 

8.  1:30 

9.  2:00 

2:45 

3:00 


8:00 


Distribution  of  Foraminifera  in  the  Lower  York  Estuary,  Vir¬ 
ginia.  R.  Plaster,  G.  Mozingo,  and  R.  L.  Ellison,  University 
of  Virginia 

Investigation  of  the  St.  Stephens  Church  Magnetic  Anomaly, 
Eastern  Virginia.  J.  Delanev  and  W.  Henika,  University  of 
Virginia 

Intermission 

Fractures  in  the  Lockport  Dolomite,  Niagara  Countv,  New 
York.  F.  W.  Trainer,  U.  S.  Geological  Survey 

Gravity  Tectonics  in  the  Appennine  Mountains,  Italy.  E.  E. 
Ern,  University  of  Virginia 

Some  Geological  and  Geomorphological  Observations  of 
Chesterfield  Countv.  H.  L.  Mathews,  R.  L.  Hodges,  and  D.  F. 
Amos,  Virginia  Polytechnic  Institute 
Luncheon  Recess 

Outstanding  Va.  Jr.  Acad.  Sci.  Paper  in  Geology 

Invitational  Address— Sedimentary  Cycles  in  Coal  Measures. 
E.  G.  Williams,  Pennsylvania  State  University 

Intermission 

Business  Meeting 

SATURDAY,  MAY  8 

Field  Trip 


Section  Of  Medical  Sciences 

Friday,  May  7—8:25  A.M. 

Dominion  Room 

8:25  Announcements  and  introductory  remarks.  M.  S.  Rittenbury, 
Chairman 

1.  8:30  Molecular  Size  of  Bovine  Glutamate  Dehydrogenase  and  the 

CH3HgBr-activated  Enzyme  in  the  Concentration  Range  of 
Enzymatic  Assay.  K.  S.  Rogers,  L.  Hellerman  and  T.  E. 
Thompson,  Medical  College  of  Virginia 
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2. 


3. 

4. 

5 

6. 

7. 

8. 


9. 


10. 

11. 

12. 

13. 

14. 


8:45  The  Use  of  Intravenous  Fat  Emulsion  to  Measure  Reticulo- 
Endothelial  Function.  L.  D.  Hanback  and  M.  S.  Rittenbury, 
Medical  College  of  Virginia 

9:00  Fatty  Acid  Composition  of  Major  Serum  Lipid  Fractions  in 
Patients  with  Cirrhosis.  C.  W.  Chamberlain  and  W.  T. 
Dabney,  III,  Medical  College  of  Virginia 

9:15  Effect  of  Orotic  Acid  Feeding  on  the  Low-Density  Lipopro¬ 
teins  of  Rat  Serum.  J.  C.  Forbes  and  O.  M.  Petterson,  Medi¬ 
cal  College  of  Virginia 

9:30  New  Method  of  Estimating  GFR  Using  Co57  Labelled  Vitamin 
B32.  M.  Slapak,  W.  E.  Dalton,  H.  M.  Lee  and  D.  M.  Hume, 
Medical  College  of  Virginia 

9:45  An  Investigation  of  Immunologic  Responses  of  the  Newt, 
Diemictylus  viridescens.  C.  B.  Futch  and  J.  D.  Deck,  Univer¬ 
sity  of  Virginia  School  of  Medicine 

10:00  Immunosuppression  Effect  of  Heterologous  Antilymphocyte 
Serum  in  Dogs.  W.  E.  Dalton,  H.  M.  Lee,  H.  M.  Kauffman 
and  D.  M.  Hume,  Medical  College  of  Virginia 

10:15  Prologation  of  Renal  Homograft  Survival  by  External  Radia¬ 
tion  of  Renal  Arterial  Blood.  J.  S.  Wolf  and  D.  M.  Hume, 
Medical  College  of  Virginia 

10:30  Studies  on  the  Mechanism  bv  Which  Local  Radiation  Pro¬ 
longs  Survival  of  Kidney  Homografts.  R.  J.  Cleveland,  H.  M. 
Kauffman,  W.  S.  Graham,  D.  M.  Hume,  Medical  College  of 
Virginia 

10:45  Fluorescent  Antibody  Studies  on  Renal  Homografts.  H.  M. 
Kauffman,  A.  S.  Clements,  R.  J.  Cleveland,  and  D.  M.  Hume, 
Medical  College  of  Virginia 

11:00  Molybdenum,  Multiple  Cellular  Subdivision,  and  Reduced 
Cytochromes  in  Euglena  gracilis.  G.  Colmano,  Virginia 
Polytechnic  Institute 

11:15  The  Pathology  of  Vibrio  fetus  Toxin  Shock.  ].  C.  Osborne, 
Virginia  Polytechnic  Institute 

11:30  The  Prediction  of  Burn  Mortality.  M.  S.  Rittenbury  and  R. 
Maddox,  Medical  College  of  Virginia 

11:45  Electrical  Excitability  of  Chronically  Denervated  Skeletal 
Muscle.  L.  Levine,  University  of  Virginia  School  of  Medi¬ 
cine 
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15. 


16. 

17. 

18. 
19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


1:00  Business  Meeting 

1:15  The  Role  of  Potassium  Ion  in  the  Generation  of  Frog  Skin 
Potential.  E.  G.  Huf,  P.  M.  Winn,  W.  R.  Tolbert  and  N.  S. 
LaPrade,  Medical  College  of  Virginia  and  University  of  Rich¬ 
mond 

1:30  The  Influence  of  Catecholamines  and  Adrenergic  Blockers 
on  Ion  Transport  in  Frog  Skin.  C.  O.  Watlington,  Medical 
College  of  Virginia 

1:45  Apparent  Adaptation  of  the  Adrenal  Medulla  to  Different 
Sustained  Demands  for  Catecholamine  Secretion.  B.  L. 
Welch  and  A.  Welch,  College  of  William  and  Mary 

2:00  The  Effect  of  Social  Interaction  on  the  Metabolism  of  Brain 
Biogenic  Amines.  A.  S.  Welch,  College  of  William  and  Mary 

2:15  Prenatal  Environmental  Effects  on  Development  of  Monoa¬ 
mine  Oxidase  and  O-Methvl  Transferase  Activity  in  Foetal 
and  Neonatal  Mouse  Brain.  J.  P.  Hennessy,  College  of  William 
and  Mary 

2:30  Detection  of  Arsenic  in  Tissue  by  Neutron  Activation  Ana- 
lvsis.  P.  G.  DeLozier,  W.  J.  Crowley  and  T.  G.  Williamson, 
University  of  Virginia  Schools  of  Engineering  and  Medicine 

2:45  Inverse  Relation  Between  the  Level  of  Social  Stimulation 
and  Automatic  Excitability.  B.  L.  Welch,  College  of  William 
and  Mary 

3:00  The  Respiratory  Effects  of  Anesthetic  Agents  on  Bone  Mor¬ 
row.  C.  D.  Green  and  C.  A.  DiFazio,  University  of  Virginia 
School  of  Medicine 

3:15  The  Effects  of  Anesthetic  Agents  on  Carbohydrate  Metabo¬ 
lism  of  Bone  Morrow.  C.  A.  DiFazio  and  C.  D.  Green,  Uni- 
versitv  of  Virginia  School  of  Medicine 

3:30  Salivary  Responses  to  Subcortical  Stimulation.  E.  C.  Hag- 
strom,  C.  H.  Hockman,  and  E.  C.  Hoff,  Medical  College  of 
Virginia 

3:45  Eco-Phvsiological  Relations  to  Polymorphic  Hemoglobins  in 
in  Fishes.  J.  Burke,  Medical  College  of  Virginia 

4:00  Methods  for  Measuring  Hemoglobins  Concentration  in  Fishes. 
S.  Kaufman,  W.  Landis  and  J.  Burke,  Medical  College  of  Vir¬ 
ginia  and  Randolph-Macon  Men’s  College 
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27.  4:15  Rhesus  Oxy-Hemoglobin  Equilibria  and  Hemoglobin  Pat¬ 

terns.  J.  Lively  and  J.  Burke,  Medical  College  of  Virginia 

28.  4:30  Body  Weight  Relation  to  Vertebrate  BOC.  J.  Burke,  Medical 

College  of  Virginia 

29.  4:45  A  Comparison  of  Methods  for  “Quick  Salinity”  Water  Sam¬ 

ples.  C.  Clough  and  J.  Burke,  Medical  College  of  Virginia 


30.  5:00 

Histochemical  Ontogenesis  of  Vicinal  Hydroxyl  Group  Carbo¬ 
hydrates  in  Embryonic  Histology.  J.  C.  Bartone,  N.  Cifelli, 
Jr.  and  C.  Rothschild,  George  Washington  University  School 
of  Medicine 

31.  5:15 

The  Chemical  Histology  of  Protein-Bound  Indole  Derivatives 
(Tryptophan)  in  Advanced  Embryos.  J.  C.  Bartone,  S. 
Anish  and  C.  Bier,  George  Washington  University  School  of 
Medicine 

32.  5:30 

Synthesis  and  Basic  Pharmacologic  Activity  of  8-Alkylthi- 
oxanthines  and  Related  Compounds.  R.  H.  Goldsmith  and 
R.  M.  Burgison,  University  of  Virginia  School  of  Medicine 
and  University  of  Maryland  School  of  Medicine 

1.  2:15 

Section  Of  Microbiology 

Friday,  May  7—2:15  P.M. 

Byrd  Room 

Outstanding  paper  from  Virginia  Junior  Academy  of  Science 
in  Microbiology 

2.  2:30 

Some  Observations  on  the  Behavior  of  Vaccinia  Virus  Particles 
with  Antiserum.  G.  J.  Galasso  and  D.  G.  Sharp,  Department 
of  Bacteriology,  University  of  North  Carolina 

3.  2:45 

Binding  of  Crystalline,  Fluorescent  and  I125  Insulin.  M.  L. 
Smith  and  G.  Goldstein,  Department  of  Microbiology,  Uni¬ 
versity  of  Virginia 

4.  3:00 

Effects  of  a  Possible  Oncogenic  Virus  (Adenovirus  Type  12) 
and  a  Strain  of  Adenovirus  Type  3  upon  Lactate  Dehydro- 
genose  in  Tissue  Culture.  Carolyn  Williams,  Department 
of  Microbiology,  University  of  Virginia 

5.  3:15 

Rabbit  Fibroma  Virus,  In  Vitro  Studies.  J.  E.  Verna,  Melpar, 
Inc.,  Falls  Church,  Virginia 
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6.  3:30  Wild  Type  Recombinants  of  Escherichia  coli.  R.  M.  Cribbs, 

Department  of  Biology  and  Genetics,  Medical  College  of 
Virginia 


7. 


8. 

9. 

10. 


3:45  Effectiveness  of  Metal  and  Plastic  Caps  on  Autoclaving  the 
Interior  of  Test  Tubes.  H.  T.  Knighton,  Department  of 
Microbiologv  and  Department  of  Dental  Research,  Medical 
College  of  Virginia 

4:00  Growth  Requirements  of  Strains  of  Entamoeba  histolytica. 
E.  C.  Nelson  and  M.  M.  Jones,  Department  of  Microbiology, 
Medical  College  of  Virginia 

4:15  Some  Problems  in  the  Isolation  of  Listeria  monocytogenes . 
H.  J.  Welshimer,  Department  of  Microbiology,  Medical  Col¬ 
lege  of  Virginia 

4:30  Growth  Dynamics  of  Saccharomyces  cerevisia.  J.  W.  Gilley 
and  H.  R.  Bungay  and  N.  R.  Krieg,  Departments  of  Civil 
Engineering  and  Biology,  Virginia  Polytechnic  Institute 


Section  Of  Psychology 

Friday,  May  7—8:55  A.M. 

Session  A— Virginia  Room  A 
George  W.  Kent,  Bridgewater  College,  Chairman 
8:55  Announcements 

1.  9:00  The  Behavioral  Effects  of  Partial  Reinforcement  as  a  Func¬ 

tion  of  Stimulus  Similarity  of  Intertrial  Interval.  Dennis  Mc- 
Lauglin,  Universitv  of  Richmond 

2.  9:15  Durability  of  a  Response  Learned  Under  Concurrent  Positive 

Reinforcement  and  Punishment.  Daniel  Fallon,  University 
of  Virginia 

3.  9:30  Resistance  to  Extinction  as  a  Function  of  Different  N-length 

Patterns  in  Partial  Reinforcement.  Dale  Walters,  University 
of  Richmond 

4.  9:45  Secondary  Punishment  as  a  Function  of  Work  Requirement 

for  Positive  Reinforcement  and  Punishment.  Donald  M. 
Thompson,  University  of  Virginia 

5.  10:00  Resistance  to  Extinction  as  a  Function  of  Alternate  Versus 
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6.  10:15 

10:30 

7.  10:35 

8.  10:45 

9.  11:00 

10.  11:15 

11.  11:30 

12.  11:45 

13.  12:00 

8:55 

14.  9:00 

15.  9:15 

16.  9:30 

17.  9:45 
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Differential  Reinforcement.  William  Ewald,  College  of 
William  and  Mary 

Wheel  Running  Periodicities  on  A-diurnal  Light  Schedules. 
Milton  L.  Goff,  University  of  Virginia 

Recess 

Taste  and  Preference  Thresholds  in  Brain  Damaged  Rats. 
Ralph  C.  O’Connor,  Washington  and  Lee  University 

Interaction  of  Drugs  and  Brain  Damage.  Robert  E.  Lee, 
Washington  and  Lee  University 

Reversible  Decortication.  Fred  McCoy,  University  of  Rich¬ 
mond 

Techniques  Involved  in  KC1  Spreading  Cortical  Depression 
and  a  Comparison  of  Its  Effects  with  Neocortical  Ablation  in 
an  Avoidance  Task.  Kenneth  Marion,  Washington  and  Lee 
University,  and  Jack  Tapp,  Vanderbilt  University 

Activity  of  Rats  with  Hippocampal  Lesions.  Anderson  D. 
Smith  and  Leonard  E.  Jarrard,  Washington  and  Lee  Univer¬ 
sity 

Formation  of  Learning  Sets  in  Rodents.  Elliott  Blass,  Uni¬ 
versity  of  Virginia 

Partial  Reinforcement  and  Resistance  to  Extinction  in  the 
Opossum.  Herbert  Friedman,  College  of  William  and  Mary 

SESSION  B 
Virginia  Room  B 

Charles  L.  Fry,  University  of  Virginia,  Chairman 
Announcements 

Cognitive  Dissonance  in  Task-oriented  Groups.  Arthur  Strock, 
University  of  Richmond 

Effects  of  Conformity  on  Self-evaluation.  Virginia  Blount, 
College  of  William  and  Mary 

Belief  Systems  and  Student  Political  Preference.  Barbara 
Watson,  College  of  William  and  Mary 

Emergent  Leadership  as  a  Function  of  Interpersonal  “Dis¬ 
tance”  and  Group  Task.  George  Goldstein,  University  of 
Richmond 
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18.  10:00 

19.  10:15 

10:25 

20.  10:30 

21.  10:45 

22.  11:00 

23.  11:15 

24.  11:30 

25.  11:45 

26.  12:00 

27.  12:15 


2:00 
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Patterns  of  Reaction  to  Art,  Literature  and  Music  in  Different 
Periods  of  History.  I.  Lipping,  Virginia  Military  Institute 

Handedness  and  Academic  Achievement.  W.  F.  Ryan,  Jr. 
and  J.  R.  Workman,  Virginia  Military  Institute 

Recess 

Incubation  of  Anxiety  as  Measured  by  Response.  Roger 
Tarpy,  College  of  William  and  Mary 

Yawning  as  Stimulus  and  Response.  W.  D.  Williamson  Jr. 
and  R.  P.  Carroll,  Virginia  Military  Institute 

Horizontal  Tilt  Thresholds  in  Waking  and  Sleep.  C.  B.  Fleet 
Jr.  and  T.  J.  Lennon,  Virginia  Military  Institute 

Effects  of  Sensory  Deprivation  on  Measures  of  Field  De¬ 
pendence  and  Body-image.  George  Jacobson,  College  of 
William  and  Mary 

Influence  of  Sensory  Deprivation  on  the  Short  Term  Memory 
Process.  C.  L.  Hall  and  D.  A.  Stephens,  Virginia  Military 
Institute 

Improvement  in  Visual  Acuity  with  Ocular  Exercises.  P.  M. 
Evans  and  J.  G.  Sherrard,  Virginia  Military  Institute 

Outstanding  Virginia  Junior  Academy  of  Science  Paper  in 
Psychology 

Lunch 


SESSION  A 
Virginia  Room  A 
SYMPOSIUM 

Research  related  to  mental  retardation. 

Frederick  B.  Rowe,  Randolph-Macon  Woman’s  College, 
Chairman 

Chemical  research. 

Michael  Rostafinski,  M.D.,  Director  of  Research  and 
Training,  Lynchburg  Training  School  and  Hospital 

Biological  research. 

James  Q.  Miller,  M.  D.,  Assistant  Professor  of  Neurology, 
University  of  Virginia 
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27.  2:00 

28.  2:15 

29.  2:30 

30.  2:45 

31.  3:00 

32.  3:15 

33.  3:30 

3:45 

3:50 

5:30 


Phychological  research. 

Keturah  E.  Whitehurst,  Ph.D.,  Chairman,  Department  of 
Psychology,  Virginia  State  College 

SESSION  B 
Virginia  Room  B 

Kenneth  A.  Blick,  Randolph-Macon  College,  Chairman 

Stimulus  and  Response  Familiarization  Under  Recall  and 
Recognition  Paired-associate  Learning  Conditions.  Annette 
Spera  Thompson,  University  of  Virginia 

Paired-associate  Learning  as  a  Function  of  Meaningfulness 
and  Method  of  Presentation.  David  G.  Elmes  and  Eugene 
A.  Lovelace,  University  of  Virginia 

Effects  of  Isolation  in  Continuous  Serial  Learning.  Edwin 
Coppage,  College  of  William  and  Mary 

Interference  by  Response  and  Hypothesis  in  the  Acquisition 
of  Binary  Sequences.  Peter  L.  Derks,  Joyce  L.  House  and 
Roger  Tarpy,  College  of  William  and  Mary 

Transfer  of  Training  in  Perceptual  Learning.  John  V.  Ma- 
natis,  University  of  Virginia 

An  Investigation  of  Programmed  Learning  Versus  Structured 
Self  Study.  Charles  Jennings,  University  of  Richmond 

The  Temporal  Course  of  Extra-experimental  Interference  of 
Verbal  Habits.  Donald  E.  Pryor  and  Kenneth  A.  Blick,  Ran¬ 
dolph-Macon  College. 

Recess 

Business  Meeting:  Psychology  Section  of  the  Virginia  Aca¬ 
demy  of  Science 

Social  Hour  and  Dinner:  Virginia  Psychological  Association 
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SATURDAY,  MAY  8-9:00  A.M. 

SESSION  A 
Colony  Room 

Van  Voorhees  Lloyd,,  Randolph-Macon  Woman’s  College,  Chairman 


34. 

9:00 

An  Investigation  of  the  Phenomenon  of  Attensity.  Jo  Ellen 
Kirssin,  College  of  William  and  Mary 

35. 

9:15 

The  Identification  of  Visual  Binary  Sequences.  Currell  Pattie, 
University  of  Richmond 

36. 

9:30 

Post-stimulus  Cueing  in  Binary  Pattern  Perception.  Franklin 
McLean,  College  of  William  and  Mary 

37. 

9:45 

Cutaneous  Pattern  Perception.  Charles  C.  Hodge,  Univer¬ 
sity  of  Virginia 

38. 

10:00 

Color  Induction  in  Mono-,  Di-,  Trichromats  and  Achromats. 
R.  L.  McMahon,  A.  E.  Schultes  and  D.  L.  Conques.  Virginia 
Military  Institute 

39. 

10:15 

Digital  Color  Perceptions.  Caroline  G.  Smith,  Randolph- 
Macon  Woman’s  College 

10:30 

Recess 

SESSION  B 
Dominion  Room 

Noel  W.  Keys,  University  of  Richmond,  Chairman 

9:00  Deviant  Response  Sets  in  Juvenile  Delinquents.  Frank  P. 
Knill,  University  of  Richmond 

9:15  Psychometeric  Correlates  of  Extreme  Response  Sets.  David 
Hamilton,  University  of  Richmond 

9:30  College  Students’  Information  and  Attitudes  Regarding 
Mental  Retardation.  Mary  Jay  Taylor,  Randolph-Macon 
Woman’s  College 

9:45  A  Comparison  of  Content  Responders  and  Response  Set  Re¬ 
sponders  on  Measures  of  Ability,  Personality  and  Test- taking 
Attitudes.  David  T.  Hess,  University  of  Richmond 

10:00  Deviation  Response  as  a  Function  of  Stress.  Lee  M.  Shrader, 
University  of  Richmond 


40. 

41. 

42. 

43. 

44. 
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45.  10:15 

10:35 

10:40 

1.  8:30 

2. 

1.  9:00 

2.  9:10 

3.  9:40 

4.  10:00 

5.  10:20 

6.  10:25 
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A  Scientist’s  Views  on  Authenticated  Miracles.  John  A. 
Blake,  Richmond  Professional  Institute 

Recess 

Business  Meeting:  Virginia  Psychological  Association 


Section  Of  Science  Teachers 

Friday,  May  7—8:30  A.M. 

Byrd  Room 

Mrs.  Elizabeth  Charlton,  Chairman 

Development  in  Earth  Science  Curriculum  Project.  Dr.  Ken¬ 
neth  F.  Bick,  Chairman  of  the  Geology  Department,  William 
and  Mary  College,  Williamsburg,  Virginia 

Business  Session 


Section  Of  Statistics 

Friday,  May  7—9:00  A.M. 

Monroe  Room 

Welcome  by  Virginia  Perry,  Chairman 

Some  New  Results  in  the  Emperical  Bayse  Approach  to  Sta¬ 
tistics.  John  Rutherford,  V.P.I. 

A  Regression  on  the  Expected  Values  of  Order  Statistics  with 
Special  Reference  to  Problems  in  Non-Parametric  Tests  of 
Hypotheses.  Bryant  Chow,  V.P.I. 

An  Opinion  Survey  Approach  to  Economic  Development. 
Thomas  C.  Saunders,  Federal  Reserve  Bank,  Richmond,,  Va. 

Discussion 

Use  of  Input— Output  Analysis  to  Examine  Demand,  Power, 
and  Technical  Relationships  of  the  Steel  Industry.  James  K. 
Hightower,  University  of  Richmond,  Richmond,  Virginia 


7.  10:45 


Discussion 
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8. 

10:50 

Break 

9. 

11:00 

Some  Recent  Work  in  Vital  Statistics.  S.  J.  Kilpatrick,  Medi¬ 
cal  College  of  Virginia,  Richmond,  Virginia 

10. 

12:00 

Lunch 

11. 

1:30 

Outstanding  Paper  from  Junior  Academy 

12. 

1:50 

A  Heuristic  Approach  to  Unitization.  Francis  J.  Sullivan, 
USALMC,  Fort  Lee,  Virginia 

13. 

2:10 

Discussion 

14. 

2:15 

Use  of  Computer  Simulations  in  Scientific  Management  Train¬ 
ing.  David  A.  Ameen,  Fort  Lee,  Virginia 

15. 

2:35 

Discussion 

16. 

2:40 

Break 

17. 

2:55 

A  Statistical  Technique  for  Analytical  Chemists.  W.  J. 
Youden,  Consultant,  National  Bureau  of  Standards,  U.  S. 
Department  of  Commerce,  Washington,  D.  C. 

18. 

4:00 

Business  Meeting 

Saturday,  May  8—9:00  A.M. 

19. 

9:00 

Non-linear  Response  Functions  Analysis  with  Application  to 
Poultry  Science.  Jack  Mendel,  V.P.I. 

20. 

9:20 

Rank  Correlation  in  a  Truncated  Bivariate  Normal  Distribu¬ 
tion.  Murray  A.  Aitkin.  V.P.I. 

21. 

9:50 

Use  of  Regression  Analysis  to  Correct  for  Interelement 
Effects  in  the  X-Ray  Fluorescence  Analysis  of  a  Multicom¬ 
ponent  Mixture.  Anthony  Springall,  V.P.I. 

22. 

10:10 

Break 

23. 

10:20 

The  Use  of  the  Sample  Mean  Deviation  in  Confidence  InK 
vals  for  a  Normal  Variate.  Richard  Krutchkoff,  V.P.I. 

24. 

10:50 

Distribution  of  Points  of  Significance  in  A  Random  Matching 
Experiment.  Henry  B.  Fizer,  University  of  Richmond,  Rich¬ 
mond,  Virginia 

zo. 

11:10 

The  Problem  of  Classifying  By  Broad  Categories  On  the  Bask 
of  a  Vector  Observation,  Roger  Flora,  V.P.I. 

26. 

11:30 

A  Bayesian  Test  of  Some  Classical  Hypotheses  .  .  .  with  Ap¬ 
plications  to  Sequential  Clinical  Trials.  Jerry  Cornfield,  Bio¬ 
metrics  Res.  Branch,  National  Heart  Institute,  U.S.P.H.S., 
Bethesda,  Md. 
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SYNTHETIC  MEDIA  AND  TECHNIQUES  FOR  THE  XENIC  b  2 
CULTIVATION  OF  MARINE  ALGAE  AND  FLAGELLATA 

Franklvn  D.  Ott,3  Fermm  Junior  College  and  Lynchburg  College 
Received  for  publication,  julv  6,  1964 

Because  I  am  convinced  that  living  materials  are  essential  to  effec¬ 
tive  presentation  of  biological  laboratory  work  and  to  engendering  a  real 
and  lasting  interest  in  the  student,  I  maintain  a  large  number  or  organ¬ 
isms,  especially  algae,  in  culture.  This  allows  a  constant  and  abundant 
supply  of  material  for  laboratory  work  and  for  student  projects.  The 
reader  is  referred  to  the  following  authorities  for  sustentation  of  this 
policy:  Bold,  1936,  1942,  1957;  Pringsheim,  1964a;  Morholt  et  al,  1958; 
Miller  and  Blaydes,  1962.  Basically,  I  have  endeavored  to  maintain 
typical  representatives  of  each  of  the  lower  phyla  of  plants  and  ani¬ 
mals.  However,  certain  of  the  algal  divisions  or  phyla  are  almost  com¬ 
pletely  marine.  But  all  of  the  divisions  contain  many  orders  of  which 
the  typical  representatives  are  marine.  In  a  broad  sense  the  Phaeophvta, 
the  Rhodophyta,  the  Pyrrophvta  and  many  others  and  genera  of  Chloro- 
phyta  and  Chrysophvta  are  essentially  marine  (Fritsch,  1935,  1945; 
Smith,  1955;  Dawson,  1956;  Chapman,  1962). 

Unfortunately,  often  little  or  no  attention  is  given  in  the  laboratory 
to  study  of  these  marine  forms.  Among  several  reasons  for  this,  the 
more  pertinent  ones  are:  (1)  very  few  laboratories  are  near  the  ocean; 
(2)  lack  of  available  unialgal  cultures  of  marine  organisms;  (3)  prob¬ 
lems  in  maintenance  of  cultures  due  primarily  to  the  lack  of  convenient 
sources  of  sea  water  and  to  the  lack  of  knowledge  of  algal  cultivation 


1.  Xenic  cultures  as  opposed  to  axenic  cultures  (pure  cultures)  used  here,  recognizing  Ells¬ 
worth  C.  Dougherty's  classification  of  culture  conditions  (Ann.  N.  Y.  Acad  Sic.,  Vol.  77, 
Art.  2).  But  contemporary  phycological  usage  prefers  unialgal,  hence  unialgal  or  bac- 
terized  throughout  the  following  text. 

2.  Modifying  the  described  methods,  to  use  aseptic  techniques,  axenic  or  pure  cultures 
may  be  maintained  and  cultivated. 

3.  Present  address:  The  Department  of  Botany,  The  University  of  Texas,  Austin  12, 
Texas. 


samisomAN  ||||  % 
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technique  in  general;  (4)  lack  of  insight  into  the  important  role  played 
by  these  organisms  both  in  the  natural  environment  and  in  the  research 
laboratory. 

The  following  brief  review  may  be  beneficial  in  giving  background 
and  insight  into  possible  values  and  application  of  marine  algal  studies 
as  well  as  ideas  for  approaches  to  student  projects.  The  Pyrrophyta 
and  the  Chry  sophy  ta,  in  particular  the  Chry sophy ceae  and  Bacillariophy- 
ceae,  tend  to  be  near  the  base  of  the  important  food  chains  of  marine 
life  (Ketchum,  1951;  Davis,  1955;  McLaughlin  et  ah,  1960;  Rhyther, 
1960).  Furthermore,  marine  algae  are  important  in:  production  of  agar 
and  its  derivities,  certain  fertilizers,  as  food  for  human  and  animal  con¬ 
sumption  (Newton,  1951;  Tiffany,  1958;  Rhyther,  I960;  Chapman,  1962); 
in.  biochemistry  and  in  physiological  aspects  (Fogg,  1953;  Lewin,  1962); 
medicine  (Schimmer  and  Schimrner,  1955);  water  purity  and  water  pollu¬ 
tion  (Palmer,  1962);  in  water  blooms  including  “red  tides”,  and  clam 
and  mussel  poisoning  (Graham,  1951;  Burk  et  al.,  1960;  Mackinnon  and 
Hawes,  1961;  Manwell,  1961);  as  objects  of,  and  tools  in  ecological  studies 
(Feldman,  1951;  Nordli,  1957;  Provasoli,  1958c;  Braarud,  1961);  in 
bioassay  and  in  studies  of  growth  and  nutrition  (Provasoli,  1958c;  Blinks, 
1951;  Hutner,  1961;  Hutner,  Provasoli,  and  Baker,  1961)  in  study  of 
the  phenomena  of  bioluminescence  (Harvey,  1957;  Haxo  and  Sweeney, 
1955;  Nordli,  1957;  McLaughlin  and  Zahl,  1961);  and  in  studies  in 
morphology  and  taxonomy  (Hollenberg,  1935,  1939,  1941,  1958;  Papen- 
fuss,  1950;  Drew,  1954,  1958;  Bold,  1957).  For  additional  applications 
and  value  both  in  unialgal  and  pure  cultures  the  reader  is  referred  to 
Pringsheim’s  (1946a)  monograph. 

With  the  establishment  of  the  four  great  algal  culture  collections 
at  Cambridge,  England;  Gottingen,  Germany;  Bloomington,  Indiana;  and 
the  Tokugawa  Institute  in  Tokyo  as  well  as  smaller  collections  at  cer¬ 
tain  marine  stations  an  increasing  number  of  workers  are  making  avail¬ 
able  a  number  of  marine  algal  cultures  to  educational  institutions.  Indeed, 
Humm’s  methods  (Humm,  1948)  for  the  maintenance  of  crude  cultures 
of  marine  forms  enables  laboratories  some  distance  from  the  seas  to 
isolate  and  to  place  into  cultivation  a  number  of  marine  algae.  With  the 
addition  of  soil  extract,  trace  elements,  vitamin  mixes,  and  use  in  soil- 
water  media,  artificial  sea  waters  offer  from  such  crude  cultures  a  wide 
range  of  enrichment  or  preparatory  cultures  similar  to  those  developed 
by  Pringsheim  for  the  fresh  water  algae  (Pringsheim,  1946a,  1946b). 

Because  it  is  expensive  to  ship  sea  water  any  distance  from  the 
coast,  and  the  receiver  has  little  or  no  control  over  the  quality  shipped, 
it  became  increasingly  evident  to  me  that  recourse  to  the  use  of  syn¬ 
thetic  sea  waters  would  become  a  necessity.  The  literature  concerning 
the  preparation  of  synthetic  sea  waters  suitable  for  algal  cultivation  is 
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rather  limited,  especially  when  compared  to  the  large  volume  of  data 
for  cultivation  of  fresh-water  algae.  The  original  papers  relative  to  these 
synthetic  sea  waters  are  scattered  over  a  long  period  of  time,  are  in  sev¬ 
eral  languages  and,  of  course,  often  appeared  in  foreign  periodicals.  Thus, 
they  are  not  usually  available  to  many  laboartory  technicians.  However, 
several  good  references  which  summarize  formulae  producing  more  or 
less  successful  results  are  currently  available  (Needham  et  al.,  1937;  Sver¬ 
drup,  Johnson,  and  Fleming,  1942;  Provasoli  et  al.,  1957;  Harvey,  1957). 
Regretfully  the  majority  of  the  formulae  are  approximations  of  natural 
sea  water  or  have  been  developed  for  pure  culture  work  or  for  a  particular 
organism,  hence  not  being  applicable  necessarily  to  a  wide  range  of 
forms. 


Materials  and  Methods 

In  the  laboratory,  McClendon’s  artificial  sea  water  gave  the  most 
promise  in  the  bacterized  (xenic)  cultivation  of  a  wide  range  of  species. 
I  have  modified  the  usual  formula  (Sverdrup  et  al.,  1942)  with  respect 
to  the  concentration  of  the  NaCl  and  CaCL,  the  addition  and  omission 
of  several  constituents,  the  addition  of  micronutrients  (trace  elements, 
modified  from  Deason  and  Bold,  1960),  and  the  use  of  Foyn’s  “Erdsch- 
reiber”  method  of  enrichment  which  is  widely  used  in  the  enrichment  of 
natural  sea  waters  when  used  in  the  cultivation  of  algae  (Foyn,  1934a). 
This  basic  medium  is  not  necessarily  optimal,  nor  is  it  by  any  means 
absolute  as  to  the  concentration  of  its  macro-  or  microconstituents.  Bra- 
arud,  (1961)  and  Provasoli  et  al.,  (1957)  discuss  ranges  of  concentration. 
There  is  possible  a  great  variation  in  the  constituents  and  their  concentra¬ 
tions  which  may  allow  better  growth  for  particular  species.  I  look  upon 
the  following  only  as  a  reproducible  medium  giving  satisfactory  results 
in  the  bacterized  cultivation  of  marine  algae  and  flagellates,  as  well  as 
allowing  the  establishment  of  unialgal  cultures  from  crude  material. 

For  each  liter  of  synthetic  sea  water  desired,  add  to  600  ml.  of 
distilled  water  the  indicated  amount  of  prepared  stock  solution  at  the 
respective  strengths  listed  below.  For  simplicity  of  presentation,  the 
nitrate  and  phosphate  of  “Erdschreiber”  are  added  as  macroconstituents. 
These  stock  solutions  are  prepared  with  reagent  grade  chemicals.  The 
parenthesized  numbers  are  grams  per  liter  for  those  desiring  to  add  the 
salts  directlv. 
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Ingredient 

per  ceni 

ml  of  Stock  Sol’n 

grams /liter 

NaCl 

25 

85 

(21) 

MgSCh .  7H20 

10 

60 

(  6) 

MgCL .  6H20 

10 

50 

(  5) 

CaClo .  2H20 

10 

10 

(  1) 

KCI 

10 

8 

(0.8) 

NaBr 

1 

10 

(0.1) 

NaHCOs 

1 

20 

(0.2) 

H3BO3 

1 

6 

(0.06) 

Na2SiOs .  9H20 

1 

1 

(0.01) 

Sr(N03)2 

1 

3 

(0.03) 

NaNO:. 

1 

20 

(0.20) 

Na2HP04 

1 

2 

(0.02) 

After  the  above  constituents  have  been  dissolved,  add 

1  ml.  of  each 

of  the  four  (4) 

stock,  microconstituent  solutions  prepared 

as  follows: 

SoYn.  No. 

Salt  SoVn.  Conc.(g/l) 

0) 

Aids 

4.6 

LiNO* 

1.4 

KI 

0.9 

(2) 

FeSO* .  7H20 

4.98 

ZnS04 . 7H,0 

8.82 

MnCL .  4H20 

1.44 

(3) 

Mo03 

7.3 

CuSO, .  5HoO 

1.57 

Co(N03)2  •  6H0O 

0.49 

(4) 

EDTA 

50.0 

KOH 

31.0 

Fifty  ml.  of  soil  extract  is  added  to  the  above  mixed  solution  of  miero- 
and  macroconstituents,  and  then  distilled  water  added  until  the  final 
volume  is  1  liter.  The  soil  extract  (Bold,  1942)  is  prepared  by  adding 
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1  part  of  garden  soil  to  2  parts  of  water  and  steaming  in  an  Arnold 
Sterlizer  for  1  hour  on  each  of  2  consecutive  days.  This  mixture  is 
allowed  to  settle,  is  then  decanted,  and  only  the  supernatant  is  used. 

To  adjust  and  maintain  the  pH,  [this  is  especially  important  when 
carbon  dioxide  (C02)  is  bubbled  through  the  cultures],  add  500  mg/ 
liter,  via  a  solution,  of  tris  (Hydroxymethyl)  amino-methane  which  has 
previously  been  adjusted  to  pH  7. 1-7.3  with  HC1  (Guillard,  1961). 

As  a  rule,  when  employing  soil  extracts,  vitamins  need  not  be  added. 
However,  Biotin,  Thiamin .  HC1,  and  B12  may  be  used  advantageously 
with  some  types  of  soil  extracts,  and,  in  some  cases,  can  replace  it  com- 
pletelv.  Guillard  (1961)  recommends  the  following  concentrations: 

Thiamin  .  HC1  0.2  mg/liter 

Biotin  1.0  ^ g/liter 

B12  1.0  ^g/liter 

The  stock  solution  of  the  above  is  prepared  in  the  following  manner: 
to  100  ml.  of  distilled  water  add: 

1  mg  of  Biotin 

1  mg  of  B12 

20  mg  of  Thiamin  .  HC1 

This  stock  solution  is  dispensed  in  1  or  2  ml.  lots  in  ampules  or 
in  10  ml.  lots  in  screw-capped  test  tubes,  autoclaved,  and  stored  in 
an  ice  box.  Use  1  ml.  per  liter  of  final  medium. 

In  some  cases,  0.01g/100  ml.  of  liver  extract  produces  excellent 
results  with  or  without  soil  extract  (E.  A.  George,  personal  communica¬ 
tion)  . 

In  the  case  of  diatoms,  1-5  ml.  of  1  per  cent  melted  agar  per  liter 
of  final  medium  supports  larger  populations.  This  is  due  either  to 
essential  microconstituents  present  in  the  agar  or  to  an  increase  of  the 
surface  area  for  attachment  (Pringsheim,  1946a,  p.  98).  Slight  improve¬ 
ment  in  growth  has  been  noted  for  other  forms. 

This  synthetic  sea  water  can  be  used  in  the  preparation  of  soil-sea 
water  medium  and  its  variants  (Pringsheim,  1946b;  Starr,  1960)  which 
consist  essentially  of  adding  to  a  vessel,  i.e.,  a  test  tube,  1  part  of  rich 
garden  loam  and  9  parts  of  sea  water.  Depending  on  the  type  and 
pH  of  the  desired  medium,  CaC03,  peat,  pea,  starch,  inorganic  salts, 
etc.  can  be  added  before  the  soil.  The  tube  or  vessel  is  plugged  with 
cotton  and  steamed  for  1  hour  on  each  of  2  consecutive  days.  The  pH 
is  measured  one  day  after  the  final  steaming. 
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Several  aspects  of  this  preparation  need  now  to  be  emphasized. 
Lewin’s  most  cogent  remarks  (Lewin,  1959)  as  to  the  unreasonableness 
of  employing  distilled  water  of  high  purity  and  scrupulously  cleaned 
glassware  (though  the  glassware  need  be  cleaned  well)  are  quite  applic¬ 
able  to  these  bacterized  cultures.  In  fact,  Pringsheim  (1946a)  ad¬ 
vocates  the  use  of  hard  tap  water  in  preparing  synthetic  sea  waters. 
However,  it  is  possible  that  copper  and  brass  plumbing  may  introduce 
poisonous  ions.  An  increase  of  the  EDTA  will  in  most  cases  mitigate 
their  effect  by  chelation  (Loomis  and  Lenhoff,  1956;  Loomis,  1959), 
though  an  increase  in  the  concentration  of  the  microconstituents  may  be 
necessary  with  the  increased  EDTA.  The  soil  extract  can  also  be  pre¬ 
pared  with  tap  water  as  the  organic  humic  acids  tend  to  chelate  any 
toxic  ions  in  the  tap  water. 

In  certain  types  of  nutritional  work  using  pure  cultures,  a  precipitate- 
free  medium  appears  to  be  essential  (Provasoli  et  al.,  1957).  It  appears 
not  be  a  problem  in  the  xenic  cultivation  here.  Precipitates  may  be  pre¬ 
vented  or  decreased  greatly  by  reducing  or  by  addition  after  heating, 
the  phosphate  and  silicate  constituents.  On  the  other  hand,  there  is  some 
indication  that  precipitation  mav  remove  some  heavv  toxic  metals  (Pro¬ 
vasoli,  1958c). 

I  keep  the  stock  solutions  in  Boston  Round  type  glass  bottles.  Again 
arguments  as  to  the  solubility  of  detrimental  substances  from  the  glass  | 
[See  Czurda,  (1933)  for  effects  in  a  non-chelated  solution]  are  rather 
inconsistent  in  media  used  in  bacterized  cultures,  and  which  contain  soil 
extracts  and  chelators.  However,  polyethylene  bottles  offer  an  inert  stor¬ 
age  container. 

I  find  250  ml.  Erlenmeyer  flasks  especially  useful  in  the  cultiva¬ 
tion  of  marine  algae  in  quantities  for  laboratory  exercises.  Add  100  ml. 
of  the  complete  medium  to  each  flask.  Plug  with  cotton  and  steam  for 
15  minutes  in  an  Arnold  Sterilizer,  or  without  plugging,  bring  to  a  quick 
boil  on  a  hot  plate,  thus  killing  contaminating  algae  which  may  be  present. 
When  the  flasks  have  cooled,  they  may  be  shaken  vigorously  for  aera¬ 
tion  and  then  inoculated  with  the  desired  species.  Of  course,  test  tubes 
and  other  vessels  of  suitable  size  may  be  used. 

The  classical  method  of  subculturing  free-living  protozoa,  which 
consist  of  dividing  the  old  culture  into  4  equal  parts  and  adding  addi¬ 
tional  new  medium  to  the  desired  volume,  is  especially  useful  in  subcul¬ 
turing  the  dinoflagellates,  other  motile  forms  and  unicellular  species. 
Filamentous  and  larger  species  may  be  subcultured  by  transferring  small 
amounts  with  the  use  of  large  pipettes  or  forceps,  but  again  special 
precautions  need  be  taken  to  see  that  all  glassware  and  other  utensils, 
as  well  as  the  medium,  have  been  previously  sterilized  or  boiled  to  guard 
against  algal  contamination.  Usuallv,  motile  forms  require  subculturing 
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every  1-2  months,  but  the  other  types,  as  a  rule,  can  go  for  considerable 
periods  without  subculturing,  depending  primarily  upon  temperature, 
illumination,  and  concentration  of  the  nutrients. 

Some  zoospore  producing  forms,  on  swarming  yield  such  quantities 
of  new  individuals  that  their  growth  is  retarded  to  the  extent  that  only 
small  juvenile  stages  are  secured.  It  is  best  with  these  types  that  isola¬ 
tions  of  single  individuals  be  made,  and  placed  singly  into  separate  con¬ 
tainers.  This  will  allow  large  and  more  normal  size  plants  to  develop. 
Vigorous  growing  material  should  be  used  in  these  isolations  as  stunted 
plants  from  old,  dormant,  and  crowded  cultures  often  produce  a  new 
batch  of  zoospores  on  transfer  to  fresh  medium. 

The  flask  is  then  sealed  with  a  2  in.  square  of  Moisture  Proof  cello¬ 
phane  (Dupont)  held  tightly  in  place  with  a  rubber  band.  I  find  this 
far  superior  to  cotton  plugs  to  prevent  excessive  evaporation  which  is 
detrimental  to  certain  marine  algae.  Evidently  there  is  sufficient  gaseous 
exchange.  Of  course,  bacterized  cultures  produce  a  certain  amount  of 
C02  which  is  advantageously  used  by  the  algae  and  the  possibility  of  a 
whole  series  of  useful  factors  being  synthesized  should  not  be  overlooked 
(Pringsheim,  1946b;  Provasoli  et  al.,  1957).  Periodic  shaking  by  hand 
or  with  a  mechanical  shaker  is  often  helpful.  When  the  cultures  are 
placed  directly  under  a  light,  more  light  can  strike  the  algae  then  when 
cotton  plugs  are  used,  and  too,  the  cultures  may  be  stacked  several  layers 
high,  with  a  glass  plate  between  each  layer.  This  is  not  readily  done 
when  cotton  plugs  are  used. 

Some  evaporation  does  occur,  but  the  organisms  can  withstand 
slight  changes  in  salinity.  In  fact,  cultures  can  be  maintained  for  a 
longer  period  and,  in  some  cases,  denser  populations  obtained  by  replac¬ 
ing  the  evaporated  water  with  soil  extract  (5-10  ml./lOO  ml.  of  the  cul¬ 
ture  solution  at  a  time).  This  rejuvenation  of  cultures  has  permitted 
me  to  maintain  some  of  the  non-motile  forms  for  over  a  year  in  the 
same  culture  solution. 

For  some  of  the  larger  forms,  the  complete  replacement  of  the  medi¬ 
um  is  essential  for  sustained  growth  (Iwasaki,  1961).  Aeration  may  also 
be  advantageous.  This  can  readily  be  supplied  by  an  aquarium  pump, 
and  the  flow  regulated  quite  satisfactorily  by  the  needle  valves  sold  by 
aquarium  dealers.  The  aeration  may  be  reinforced  with  the  addition 
of  COo  which  is  adjusted  to  3-5%  of  the  flow  volume.  The  small  tanks 
of  C02  are  convenient  for  this  purpose.  Of  course,  larger  containers  may 
be  employed,  their  size  being  governed  by  the  size,  and  the  amount 
desired  of  the  algae  under  cultivation.  When  aeration  is  used  the  media 
should  be  buffered  with  tris  (Hydroxymethyl)  amino-methane  to  main¬ 
tain  the  pH. 
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There  exist  the  possibility  that  hormones  may  have  an  advantageous 
and  stimulating  effect  on  marine  algae,  both  on  growth  rates  and  on  the 
production  of  normal  thalli  (Davidson,  1950;  Provasoli,  1958b),  though 
perhaps  more  work  is  needed  before  their  real  potential  can  be  deter¬ 
mined.  Provasoli  (1958b)  found,  using  pure  cultures,  that  adenine,  gib- 
berellin,  indolacetic  acid,  and  kinetin  have  stimulatory  effects  on  a  Chloro- 
phyte  to  varying  degrees,  with  a  mixture  of  adenine  and  kinetin  (2  /xg% 
and  3  mg%  respectively)  producing  the  most  normal  thalli.  Foyn  (1934b) 
obtained  normal  thalli  of  the  same  species  using  bacterized  cultures. 
However,  this  does  not  exclude  the  possibility  that  hormones  added  to 
bacterized  cultures  would  not  be  beneficial.  The  author  has  secured  larger 
thalli  with  the  addition  of  adenine. 

Initially,  newly  inoculated  cultures  are  illuminated  with  300  ft.-c 
supplied  by  fluorescent  lights  and  supplemented  with  an  incandescent 
bulb.  After  good  growth  has  been  obtained,  the  cultures  may  be  stored 
at  lower  light  intensities,  i.e.  75  ft.-c,  except  for  the  dinoflagellates  which 
are  maintained  continuously  at  the  higher  level  of  illumination.  Con¬ 
tinued  high  levels  appear  detrimental  to  certain  other  types,  as  noted 
by  the  bleaching  of  the  cells  and  the  eventual  death  of  the  culture.4 
With  some  species  with  complex  life  cycles,  photoperiodicity  of  particu¬ 
lar  duration  is  essential  for  die  mature  plant  to  be  produced.  This,  of 
course,  is  governed  by  the  particular  species  under  cultivation  (Iwasaki, 
1961). 

No  strict  control  of  temperature  is  maintained  except  that  the  upper 
limits  are  kept  below  24°  C,  though  10-20°  C  is  the  preferred  range.  In 
summer,  a  standard  office  air  conditoner  is  used  to  maintain  the  tem¬ 
perature  at  the  desired  level.  Most  efficient  and  economical  use  of  an 
air  conditioner  can  be  made  by  placing  cultures  in  a  very  small  closet¬ 
like  room  which  has  a  window  or  an  opening  for  the  cooling  device. 
Consequently,  a  very  small,  inexpensive  air  conditioner  can  thus  be  used 
for  a  variety  of  marine  and  fresh-water  as  well  as  terrestial  organisms. 

Discussion 

With  the  foregoing  medium  and  its  variants,  the  author  has  been 
able  to  supplant  completely  the  dependence  of  certain  algae  upon  natural 
sea  water.  This  medium  has  allowed  the  establishment  of  several  uni- 
algal  cultures  from  crude  material.  It  is  possible  that  a  large  number 
of  marine  algae  may  be  brought  into  culture  by  varying  this  basic  medi- 


4See  the  introductory  remarks  in  the  Society  of  Protozoo  log  ists'  publication  for  a  more 
detailed  discussion  of  illumination  and  temperature  which  is  applicable  to  marine  algae 
(Provasoli,  1958a). 
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urn  to  suit  the  species  concerned.  With  the  reagents  which  are  found 
on  the  shelves  of  almost  any  high  school  or  college  laboratory,  marine 
algal  cultures  need  not  be  limited  to  the  sea  coast  areas  nor  be  dependent 
upon  them  for  an  expensive  supply  of  sea  water.  With  the  current  avail¬ 
ability  from  the  culture  collections  of  algae,  of  unialgal  and  pure  cul¬ 
tures,  and  from  the  commercial  supply  houses,  of  a  whole  range  of 
species  in  crude  collections,  inland  laboratories  now  have  at  their  dis¬ 
posal  a  wealth  of  material  for  student  projects  and  laboratory  exercises. 
The  medium  herein  presented  now  allows  any  laboratory  to  maintain  these 
cultures  or  to  establish  many  others  as  easily  as  is  done  for  typical  fresh¬ 
water  species. 

We  are  at  present  maintaining  the  species  of  algal  flagellates  and 
algae  listed  below.  This  list  includes  dinoflagellates,  large  species  of 
diatoms,  both  unicellular  and  filamentous  types,  red  algae,  and  brown 
algae.  Most  of  these  are  readily  cultvated  in  almost  any  laboratory. 

DIVISION  CHLOROPHYTA :  Order  Volvocales;  Carteria  chuii,  Duna- 
liella,  salina,  Platymonas  sp.,  Stephanoptera  sp.;  Order  Tetrasporales:  Pras- 
inocladus  lubricus,  P.  sp.;  Order  Chlorococcales:  Chlorella  stigamatophora, 
C.  sp.  (2  species),  Chlorococcum  sp.;  Order  Ulotrichales :  Prasiola  stipitata, 
Stichococcus  sp.;  Order  Ulvales:  Enteromorpha  calthrata,  E.  intestinalis, 
E.  linza,  E.  sp.  (2  species),  Ulva  taeniata,  U.  sp.  (2  species);  Order 
Cladophorales:  Cladophora  albida  var.  biflagellata,  C.  hutchinsiae,  C. 
pseudopellucida,  C.  sp.  (2  species);  Order  Chaetophorales:  Entocladia 
sp.,  Pilinia  sp.;  Order  Dasycladales :  Acetabularia  mediterranea ;  Order 
Siphoniales:  Bryopsis  plumosa. 

DIVISION  CHRYSOPHYTA:  Class  Chrysophyceae:  Cricosphaera 
( Syracosphaera )  carterae,  Isochrysis  galbana,  Prymnesium  parvum,  Mono- 
chrysis  lutheri;  Class  Bacillariophyceae :  Amphora  exigua,  Chaetoceros 
pseudo  crinitus,  Coscinodiscus  aster  omphalus,  Melosira  nummuloides,  M.  sp. 
Nitzschia  closterium  f.  minutissima,  (normal  and  T-forms),  Pinnularia  sp., 
Skeletonema  costatum.  Class  Xanthophyceae :  Sphaerosorus  composita. 

DIVISION  CRYPTOPHYTA:  Rhodomonas  lens. 

DIVISION  CYANOPHYTA:  Calothrix  Crustacea,  Coccochloris  sp., 
Lyngbya  sp.,  Oscillatoria  woronichinnii,  O.  sp.,  Phormidium  persicinum 
(purple  color),  Spirulina  major. 

DIVISION  PHAEOPHYTA:  Ectocarpus  sp.  (produces  plurilocular 
gametangia ) ,  Sphacelaria  sp.,  Strepsithalia  sp. 

DIVISION  PYRROPHYTA:  Class  Desmophyceae:  Exuviella  marie- 
lebourii,  E.  pusilla,  E.  sp.,  Prorocentrum  micans;  Class  Dinophyceae: 
Amphidinium  sp.,  Cochlodinium  sp.  (cause  of  “red  water”  in  the  York 
River,  Virginia,  estuary),  Gonyaulax  polyedra,  G.  tammarensis,  Gymno - 
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dinium  nelsoni,  G.  sp.,  Oxyrrhis  marina,  Peridinium  faroensi  P.  trochoidium. 

DIVISION  RHODOPHYTA:  Acrochaetium  sp.  (produces  viable 
spores),  Agardhiella  tenera,  Antithamnion  glanduliferum,  A.  sariensis , 
Bangia  fusco-purpurea,  Ceramium  rubrum,  C.  sp.,  Champia  parvula,  Graci- 
laria  foliifera  (produces  viable  tetraspores) ,  G.  verrucosa  (pink  and  brown 
forms),  Goniotrichum  alsidii,  Nemalion  multifidum  (Chantransia  stages), 
Porphyridium  cruentum,  P.  sp.  Spermothamnion  turned . 

Acknowledgments 

I  acknowledge  with  genuine  pleasure  the  use  of  the  facilities  of 
Ferrum  Junior  College  and  in  particular  the  aid  and  encouragement  of 
the  Head  of  the  Biology  Department,  Professor  Rhea  K.  Clark,  who  so 
graciously  permitted  unrestricted  use  of  the  Biology  Laboratory.  I  extend 
my  sincere  thanks  to  Professor  Elizabeth  Pryor  of  Ferrum  Junior  College 
and  to  Dr.  Harold  C.  Bold  of  the  University  of  Texas  who  read  the 
manuscript  and  made  constructive  criticism  of  the  content.  I  acknowledge 
also  with  gratitude  the  cultures  I  have  received  from  private  investiga¬ 
tors  who  so  willingly  made  them  available  to  our  collection  for  use  in 
the  laboratory  work,  among  them:  Dr.  Mary  B.  Allen  of  the  Kaiser 
Research  Foundation;  Dr.  A.  Gibor  of  the  Rockefeller  Institute;  Dr. 
Robert  Guillard  of  the  Woods  Hole  Oceanographic  Institution;  Dr.  Francis 
T.  Haxo  of  the  Scripps  Institution  of  Oceanography;  Dr.  C.  van  den  Hoek, 
Rikjsherbarium,  The  Netherlands,  and  to  Dr.  V.  J.  Chapman  of  the  Uni¬ 
versity  of  Auckland,  New  Zealand,  who  supplied  us  with  several  sam¬ 
ples  of  naturally  collected  material  from  which  isolations  were  made. 

Literature  Cited 

Blinks,  L.  R.  1951.  Physiology  and  biochemistry  of  algae.  In  G.  M. 
Smith  (ed),  Manual  of  Phy oology .  Chronica  Botanica  Co. 

Bold,  H.  C.  1936.  Notes  on  the  culture  of  some  common  algae.  Jour. 
Tenn.  Acad.  Sci.  12:205-212. 

—  1942.  The  cultivation  of  algae.  Bot.  Rev.  8:68-138. 

—  1957.  Morphology  of  Plants.  Harper  and  Brothers. 

Braarud,  Trygve.  1961.  Cultivation  of  marine  organisms  as  a  means 
of  understanding  environmental  influences  on  populations.  In  Mary 
Sears  (ed),  Oceanography.  Publ.  No.  67.  American  Association 
for  the  Advancement  of  Science. 

Burk,  J.  M.  et  al.  1960.  Analysis  of  the  toxin  produced  by  Gonyaulax 
catanella  in  axenic  culture.  Ann.  N.  Y.  Acad .  Sci.  90:837-842. 

Chapman,  V.  J.  1950.  Seaweeds  and  Their  Uses ,  Methuen. 


1965] 


Marine  Algal  Cultures 


215 


Chapman,  V.  J.  1962.  The  Algae,  MacMillan. 

Czurda,  U.  1933.  Experimentelle  Analyse  der  kopulationsauslosenden 
Bedingungen  bie  Mikroorganismen.  Beih  Bot.  Zbl.  51:711-762. 

Davidson,  F.  F.  1950.  The  effect  of  auxin  on  the  growth  of  marine 
algae.  Amer.  Jour.  Bot.  37:501-510. 

Davis,  Charles  C.  1955.  The  Marine  and  Fresh  Water  Plankton.  Mich. 
State  Univ.  Press. 

Dawson,  E.  Y.  1956.  How  to  Know  the  Sea  Weeds.  Wm.  C.  Brown 
Co. 

Deason,  R.  R.  and  H.  C.  Bold.  1960.  Phycological  Studies  I.  Explora¬ 
tory  studies  of  Texas  soil  algae.  Publ.  No.  6022  Univ.  Texas  Publ. 

Drew,  K.  D.  1954.  Studies  in  the  Bangioidae  III.  The  life-history  of 
Porphyra  umhilicalis  (L)  Kutz.  var.  laciniata  (Lightf.)  Jour.  Ag. 
Ann.  Bot.  N.  S.  18:183-211. 

—  1958.  Studies  in  the  Bangioidae  IV.  The  Conchocelis- phase  of 
Bangia  fuscopurpurea  (Dilw.)  Lyngbye  in  culture.  Publ.  Staz. 
Zool.  Napoli,  30:358-372. 

Feldmann,  Jean.  1951.  Ecology  of  marine  algae,  In  G.  M.  Smith  (ed), 
Manual  of  Phycology.  Chronica  Botanica  Co. 

Fogg,  G.  E.  1953.  The  Metabolism  of  Algae,  Methuen. 

Foyn,  B.  1934a.  Lebenszyklus,  Cytologie  and  Sexualitat  der  Chloro- 
phycee  Cladophora  Shuriana  Kutz.  Arch.  f.  Protistenk.  83:1-56. 

—  1934b.  Lebenszyklus  und  Sexualitat  der  Chlorophycee  Ulva  Lac- 
tuca  L.  Arch.  f.  Protistenk.,  83:154-177. 

Fritsch,  F.  E.  1935.  The  Structure  and  Reproduction  of  the  Algae,  Vol. 
I.,  Cambridge. 

1945.  The  Structure  and  Reproduction  of  the  Algae.  Vol.  II, 
Cambridge. 

Graham,  W.  H.  1951.  Pyrrophyta.  in  G.  M.  Smith  (ed),  Manual  of 
Phycology.  Chronica  Botanica  Co. 

Guillard,  Robert  R.  L.  1961.  Media  for  isolation  and  maintenance  of 
marine  algae.  The  Woods  Hole  Oceanographic  Institution.  4 
pages  mimeographed. 

Harvey,  H.  W.  1957.  The  Chemistry  and  Fertility  of  Sea  Water.  2nd. 
ed.  Cambridge. 

Haxo,  F.  T.  and  B.  M.  Sweeney.  1955.  Bioluminescence  in  Gonyaulax 


216 


The  Virginia  Journal  of  Science  [July 

polyedra.  In  F.  H.  Johnson  (ed),  Luminescence  of  Biological 
Systems.  Amer.  Asso.  Advancement  of  Sci. 

Hollenberg,  G.  J.  1935.  A  study  of  Halicystis  ovalis  I.  Morphology  and 
reproduction.  Amer.  Jour .  Bot.  22:782-812. 

—  1939.  Culture  studies  of  marine  algae  I.  Eisenia  arborea.  Amer. 
Jour.  Bot.  26:34-41. 

—  1941.  Culture  studies  of  marine  algae  II.  Hapterophycus  canali- 
culatus  S.  and  G.,  Amer.  Jour.  Bot.  28:676-683. 

—  1958.  Culture  studies  of  marine  algae  III.  Porphyra  perforata. 
Amer.  Jour.  Bot.  45:635-656. 

Humm,  H.  1948.  Marine  algae  in  test  tubes,  Turtox  News.  26.  No. 

1:11-12. 

Hutner,  S.  H.  1961.  Plant-animals  as  experimental  tools  for  growth 
studies.  Bull.  Toney  Bot.  Club.  88:339-349 
—  L.  Provasoli,  and  H.  Baker.  1961.  Development  of  micro¬ 
biological  assay  for  biochemical,  oceanographic,  and  clinical  use. 
Microchem.  Jour.  Symposium  series.  Vol.  I.  Interscience  Pub¬ 
lication. 

Iwasaki,  H.  1961.  The  life-cycle  of  Porphyra  tenera  in  vitro.  Biol. 
Bull.  12:173-187. 

Ketchum,  B.  H.  1951.  Plankton  algae  and  their  biological  significance. 
In  G.  M.  Smith  (ed),  Manual  of  Phycology,  Chronica  Botanica  Co. 

Lewin,  R.  A.  1959.  The  isolation  of  algae.  Rev.  Algologique  (n.  s.) 
5:181-197. 

Lewin  ,R.  A.  1962,  (ed).  Physiology  and  Biochemistry  of  Algae.  Aca¬ 
demic  Press. 

Loomis,  W.  R.  1959.  Control  of  sexual  differentiation  in  Hydra  by  pC02 . 
Ann.  N.  Y.  Acad.  Sci.  77:73-86. 

—  and  H.  M.  Lenhoff.  1956.  Growth  and  sexual  differentiation 
of  Hydra  in  mass  culture.  Jour.  Exp.  Zoo/.  13:555-574. 

Mackinnon,  D.  L.  and  R.  S.  J.  Hawes.  1961.  An  Introduction  to  the 
Study  of  Protozoa.  Oxford. 

Manwell,  R.  D.  1961.  Introduction  to  Protozoology ,  St.  Martin’s  Press. 

McLaughlin,  J.  J.  A.  and  P.  A.  Zalh.  1961.  In  vitro  culture  of  Pyrodi - 
nium.  Science.  134:1878. 

—  et  al.  1960.  Mass  cultivation  of  some  phytoplanktons.  Ann. 
N.  Y.  Acad.  Sci.  90:856-865. 


1965] 


Marine  Algal  Cultures 


217 


Miller,  David  F.  and  Glenn  W.  Blaydes.  1962.  Methods  and  Materials 
for  Teaching  the  Biological  Sciences.  2nd.  ed.,  McGraw-Hill  Book 
Co., Inc. 

Morholt,  Evelyn,  Paul  F.  Brandwein,  and  Alexandra  Joseph.  1958.  A 
Source  Book  for  the  Biological  Sciences.  Harcourt,  Brace  and  Co. 

Needham,  J.  G.  (ed)  et  al.  1937.  Culture  Methods  for  Invertebrate 
Animals.  Comstock  Publishing  Company.  (Reprint  by  Dover  Pub¬ 
lications,  Inc. ) . 

Newton,  L.  1951.  Seaweed  Utilization.  Sampson  Low. 

Nordli,  Erling.  1957.  Experimental  studies  on  the  ecology  of  Ceratia, 
Oikos.  8:200-265. 

Palmer,  M.  C.  1962.  Algae  in  Water  Supplies ,  Public  Health  Service 
Publication  No.  657.  Government  Printing  Office. 

Papenfuss,  G.  F.  1950.  Culturing  marine  algae  in  relation  to  problems 
in  morphology.  In  the  Culturing  of  Algae ,  A  Symposium ,  The 
Kettering  Foundation. 

Pringsheim,  E.  G.  1946a.  Pure  Culture  of  Algae.  Cambridge. 

— -  1946b.  The  biphasic  or  soil- water  culture  method  for  growing 
algae  and  flagellata.  Jour.  Ecol .  33:193-204. 

Provasoli,  L.  1958a.  A  catalogue  of  laboratory  strains  of  free-living  and 
parasitic  protozoa.  Jour.  Protozool.  5:1-38. 

—  1958b.  Effect  of  plant  hormones  on  Ulva.  Biol.  Bull.  144:375- 
384. 

—  1958c.  Nutrition  and  ecology  of  protozoa  and  algae.  Ann. 
Rev.  Microbiol.  12:279-308. 

—  J.  J.  A.  McLaughlin,  and  M.  R.  Droop.  1957.  The  Develop¬ 
ment  of  artificial  media  for  marine  algae.  Arch.  Mikrobiol.  25: 
391-428. 

Rhyther,  John  H.  1960.  Organic  production  by  plankton  algae,  and  its 
environmental  control.  In  the  Ecology  of  Algae :  72-83  (Pvmatun- 
ning  Symp.  Ecol.).  No.  2.  C.  A.  Tryon,  Jr.  and  Richard  T.  Hart¬ 
man  (eds),  Univ.  of  Pittsburgh  Press. 

Schwimmer,  Morton  and  David  Schwimmer.  1955.  The  Role  of  Algae 
and  Plankton  in  Medicine.  Grune  &  Straton. 

Smith,  G.  M.,1955.  Cryptogamic  Botany.  2nd.  ed.,  Vol.  I.  McGraw- 
Hill  Book  Co.,  Inc. 

Starr,  Richard  C.  1960.  The  culture  collection  of  algae  at  Indiana  Uni¬ 
versity.  Amer.  Jour.  Bot.  47:67-86. 


218  The  Virginia  Journal  of  Science  [July 

Sverdrup,  H.  U.,  M.  H.  Johnson,  and  R.  H.  Fleming.  1942.  The  Oceans. 
Prentice-Hall. 

Tiffany,  L.  H.  1958.  Algae,  the  Grasses  of  Many  Waters.  2nd.  ed. 
Charles  C.  Thomas,  Publisher. 


1965] 


Aquatic  Phycomycetes 


219 


ANNOTATED  LIST  OF  AQUATIC  PHYCOMYCETES  FROM 
MOUNTAIN  LAKE  BIOLOGICAL  STATION,  VIRGINIA1 

Charles  E.  Miller,  Department  of  Botany ,  University  of  Maine 
Received  for  publication,  September  28,  1964 

Prior  to  the  work  of  Scott  and  his  students  at  Virginia  Polytechnic 
Institute  (1960,  1962,  1963a,  b)  there  were  few  published  records  on 
the  occurrence  and  distribution  of  the  aquatic  Phycomycetes  in  Virginia. 
Coker  (1927)  collected  Achlya  flagellata  Coker  and  Saprolegnia  sp.  from 
Charlottesville,  and  Drechsler  (1927)  reported  Plectospira  myriandra 
Drechsler  from  Rosslyn  and  Aphanomyces  cladogamus  Drechsler  (1935) 
from  Virginia  soils.  Lagenidium  giganteum  Couch  (1935)  was  described 
from  Mountain  Lake,  and  Matthews  (1935,  1936)  collected  17  aquatic 
Phycomycetes  and  described  a  new  species  of  Rhipidium  from  the  vicinity 
of  Mountain  Lake. 

In  the  interest  of  expanding  my  knowledge  of  the  aquatic  Phycomy¬ 
cetes,  I  began  a  general  survey  and  some  special  studies  on  the  aquatic 
phycomycetous  microflora  of  the  Mountain  Lake  Biological  Station,  Giles 
County,  Virginia,  during  the  late  summer  of  1961  and  continued  this  study 
during  parts  of  the  summers  of  1962  and  1963.  The  survey  included 
taxonomic,  morphological  and  life-history  studies,  some  parts  of  which 
have  been  published  (Miller,  1962,  1963a,  b,  c,  1964).  Most  of  the 
special  studies  made  were  concerned  with  new  and  unidentified  taxa 
found  during  the  survey.  Since  they  need  to  be  discussed  in  more 
detail,  a  treatment  of  these  taxa  will  be  deferred  to  a  later  publication. 

The  intent  of  this  paper  is  to  record  all  aquatic  phycomycetous  fungi 
identified  during  this  survey,  their  habitats,  substrates,  dates  of  collec¬ 
tion,  and  noteworthy  comments  concerning  them.  Most  species  listed 
below  are  probably  common  to  Virginia.  Several  have  previously  been 
reported  by  workers  referred  to  earlier  in  this  introduction.  Generally, 
unless  otherwise  stated  under  the  taxon  in  question,  this  collection  marks 
the  first  reported  occurrence  of  the  fungus  in  the  county  and  state.  Some 
taxa  found  during  this  study  are  recorded  for  the  first  time  in  the  United 
States,  and  some  for  the  first  time  since  originally  described. 

The  general  methods  of  collection,  isolation,  culture,  and  study  of 
aquatic  Phycomycetes  are  summarized  by  Sparrow  (1960)  and  by  Scott 
et  al.  (1963a,  b),  and  it  is  only  necessary  to  give  briefly  the  specific 


1  This  study  was  supported  by  a  National  Science  Foundation  Grant-in-aid  administered 
by  the  Mountain  Lake  Biological  Station  and  by  a  grant  from  the  Coe  Research  Fund, 
University  of  Maine.  Present  address.  Dept,  of  Botany,  Ohio  Univ.,  Athens,  Ohio. 
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methods  used  in  this  present  study.  Water  samples  were  collected  from 
various  sites  and  returned  to  the  laboratory.  These  were  placed  in  petri 
dishes  or  finger  bowls  and  baited  by  adding  various  organic  substrates 
upon  which  fungi  present  in  the  collections  could  grow.  Efforts  were 
made  when  obtaining  water  collections  to  include  samples  of  any  algae 
present,  small  amounts  of  bottom  soil,  and  some  decaying  plant  debris. 
Sweet  gum  pollen  ( Liquidambar  styraciflua  L.)  and  corn  pollen  grains 
were  added  as  baits  by  sprinkling  them  on  the  surface  of  all  water  col¬ 
lections  made  during  the  survey.  Various  other  substrates  used  as  baits 
include  small  pieces  of  purified  chitinous  exoskeleton  of  shrimp,  dried 
snake  skin,  dried  human  skin,  human  hair,  cigar-wrapper  cellophane, 
bibulous  paper,  hemp  seeds,  onion  epidermis,  and  fruits  of  various  local 
plants.  These  baits  were  examined  microscopically  2-3  days  later  and 
daily  for  a  period  up  to  two  weeks  or  occasionally  longer.  In  addition, 
the  algae,  protozoans,  and  naturally  occurring  vegetative  debris  in  the 
collections  were  surveyed  from  epiphytic  and  endophytic  parasitic  and 
saprophytic  fungi. 

Most  collection  sites  visited  during  the  study  are  in  the  immediate 
vicinity  of  Mountain  Lake  Biological  Station  or  on  immediately  adjacent 
grounds.  The  collecting  site  in  Sinking  Creek  is  located  approximately 
seven  miles  from  the  Station  at  the  base  of  the  mountain,  and  Atkins  Pond 
is  a  small  pond  in  an  enclosed  cow  lot  near  the  base  of  the  mountain. 
For  the  sake  of  brevity,  the  substrate  and  collection  site  is  generally 
given  in  a  terse  phrase  following  the  name  of  the  fungus,  for  example, 
“On  sweet  gum  pollen  bait  from  Spruce  Bog,  July,  1962.”  This  means 
that  the  fungus  in  question  was  collected  on  sweet  gum  pollen  which 
had  been  added  as  bait  to  water  samples  collected  from  Spruce  Bog, 
July,  1962. 

The  fungi  are  listed  following  the  systematic  account  given  by  Spar¬ 
row  (1960).  Other  useful  monographic  treatments  referred  to  during 
this  study  include  Coker  (1923),  Matthews  (1931),  Middleton  (1943), 
Johnson  (1956),  and  Scott  (1961).  This  is  by  no  means  intended  to  be 
a  finite  list  of  the  aquatic  Phycomycetes  of  Mountain  Lake  Biological 
Station.  There  are  many  endless  hours  of  investigative  fun  remaining 
for  phycomycologists  at  the  Mountain  Lake  Biological  Station. 

Fungi  Collected 


Chytridiales 

Olpidium  pendulum  Zopf.  Schenk  Handbuch.  d.  Bot.,  Encyclopaedic 
der  Naturwissenschaften  4:555.  1890.  In  sweet  gum  pollen  bait  from 
Mountain  Lake,  August,  1962. 

Rozella  rhizophydii  Karling.  Mycologia  36:645.  1944.  Collected 
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several  times  from  Spruce  Bog,  July,  1962,  parasitizing  sporangia  of  Rhizo- 
phydium  globosum  (Braun)  Rabenhorst  and  Rhizophydium  sp.  and  from 
a  cranberry  bog  near  White  Pine  Lodge,  August,  1961,  on  sporangia  of 
Rhizophydium  sp.  Rozella  rhizophydii  is  known  previously  only  from  Brazil. 

Micromyces  zygogonii  Dangeard.  Le  Botaniste  1:52.  1889.  Parasit¬ 

izing  Mougeotia  sp.  and  Spirogyra  sp.  from  Mountain  Lake,  June,  1963. 
This  is  only  the  fourth  record  of  this  fungus  in  the  United  States,  having 
previously  been  collected  by  Couch  (1937)  in  North  Carolina  and  by 
Sparrow  (1943,  1952)  from  Michigan. 

Micromyces  sp.  An  ovoid  prosorus  or  resting  body  similar  to  Micro¬ 
myces  ovalis  Rieth  (1950)  was  found  in  the  cells  of  Mougeotia  sp.  from 
Twin  Springs,  July,  1961. 

Phlyctidium  anatropum  (Braun)  Rabenhorst.  Flora  Europaea  al- 
garum  3:279.  1868.  On  sporangia  and  moribund  hyphae  of  Pythium 

sp.  from  Goldfish  Pond,  August,  1963. 

Phlyctidium  mycetophagum  Karling.  Amer.  Jour.  Bot.  33:756.  1946. 
On  sporangia  of  Rhizophydium  sp.  from  a  cranberry  bog  near  White  Pine 
Lodge,  August,  1961.  This  is  the  first  report  of  this  parasite  since  it  was 
first  described. 

Septosperma  rhizophidii  Whiff en.  Mycologia  34:552.  1942.  From 

Spruce  Bog,  August,  1961,  1962,  and  Twin  Springs,  August  1961,  1962, 
1963,  growing  on  sporangia  of  Rhizophydium  sphaerotheca  Zopf  and 
Rhizophydium  sp. 

Rhizophydium  globosum  (Braun)  Rabenhorst.  Flora  Europaea  Al- 
garum  3:280.  1868.  From  Mountain  Lake  August,  1961,  and  Spruce 

Bog,  July,  1962,  on  sweet  gum  pollen  bait. 

Rhizophydium  subangulosum  (Braun)  Rabenhorst.  Flora  Europaea 
algarum  3:281.  1868.  From  Spruce  Bog,  July,  1962,  on  corn  pollen 

bait. 


Rhizophydium  sphaerotheca  Zopf.  Abhandl.  Naturforsch.  Gesell. 
Halle  17:92.  1887.  Very  common  on  sweet  gum  and  corn  pollen  baits 

from  Twin  Springs,  August,  1961,  and  from  the  Station  spring  overflow, 
Goldfish  Pond  and  Spruce  Bog,  August,  1962.  This  fungus  has  previ¬ 
ously  been  collected  in  Virginia  by  Scott  (1960). 

Rhizophydium  bullatum  Sparrow.  Mycologia  44:762.  1952.  On 

sweet  gum  pollen  bait  from  Spruce  Bog,  August,  1962.  The  resting 
bodies  in  my  specimens  averaged  12.5  /x  in  diameter,  which  is  larger  than 
those  (6.6-11  n  in  diameter)  reported  by  Sparrow. 

Rhizophydium  racemosum  Gaertner.  Archiv.  f.  Mikrobiologic  21: 
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125.  1954.  On  sweet  gum  pollen  bait  from  Spruce  Bog,  July,  August, 

1962  and  Twin  Springs,  August,  1961. 

Rhizophydium  chitinophilum  Antikajian.  Mycologia  39:613.  1947.  On 
chitin  bait  from  Station  spring  overflow,  August,  1961,  and  Sphagnum 
bog  on  Appalachian  Trail,  3  miles  north  of  the  Old  West  Virginia  Rd., 
August,  1962.  This  chytrid  is  very  similar  to  certain  isolates  of  Chytrio- 
myces  hyalinus  Karling  (1945)  which  lack  a  distinct  operculum. 

Rhizophydium  macrosporum  Karling.  Bull.  Torrey  Bot.  Club  65: 
439.  1938.  On  sweet  gum  pollen  bait  from  Spruce  Bog,  August,  1962. 

Rhizophydium  keratinophilum  Karling.  Amer.  Jour.  Bot.  33:753. 
1946.  On  pieces  of  human  red  hair  bait  from  Atkins  Pond,  August,  1962. 

Rhizophydium  verrucosum  Cejp.  Bull.  Internat.  Acad.  Sci.  Boheme 
42:4.  1933.  This  is  the  first  report  of  R.  verrucosum  since  it  was  de¬ 
scribed  by  Cejp  as  a  parasite  of  Closterium  sp.  in  Germany.  This  chytrid 
is  quite  common  in  acid  bogs.  On  sweet  gum  and  corn  pollen  baits  from 
Spruce  Bog,  July,  August,  1962,  1963. 

Phlyctochytrium  planicorne  Atkinson.  Bot.  Gaz.  48:337.  1909.  On 

resting  bodies  of  Olpidiopsis  aphanomycis  cornu,  a  parasite  of  Aphano- 
myces  laevis  de  Bary  from  Mountain  Lake,  August,  1962. 

Phlyctochytrium  papillatum  Sparrow.  Mycologia  44: 764. |  1952.  On 

sweet  gum  and  corn  pollen  baits  from  Atkins  Pond,  July,  1962. 

Phlyctochytrium  irregular e  Koch.  Jour.  Elisha  Mitchell  Sci.  Soc. 
73:116.  1957.  On  sweet  gum  and  corn  pollen  baits  from  Twain  Springs 

July,  1961,  Atkins  Pond,  July,  1962. 

Phlyctorhiza  variahilis  Karling.  Amer.  Jour.  Bot.  34:27.  1947.  On 

snake  skin  and  human  red  hair  baits  from  Goldfish  Pond  August,  1962, 
July,  1963,  Mountain  Lake,  Atkins  Pond  and  Spruce  Bog,  August,  1962. 
This  fungus  was  previously  collected  in  Virginia  by  Scott  et  al.  (1963a). 

Cladochytrium  tenue  Nowakowski,  Cohn,  Beitr.  Biol.  Pflanzen  2:92. 
1876.  On  decaying  stem  tissue  from  Sinking  Creek,  August,  1961  and 
on  onion  epidermis  bait  from  Atkins  Pond  and  Mountain  Lake,  July, 
August,  1962. 

Cladochytrium  replicatum  Karling.  Amer.  Jour.  Bot.  18:538.  1931. 

A  very  common  fungus  in  a  variety  of  aquatic  habitats.  On  decaying 
Sphagnum  leaf  and  sweet  gum  pollen  bait  from  Station  spring  overflow, 
August,  1961,  and  on  onion  epidermis  and  corn  pollen  baits  from  Spruce 
Bog,  Mountain  Lake,  Atkins  Pond  and  bog  collections  on  the  Appala¬ 
chian  Trail,  July,  August,  1962.  Scott  (1960)  previously  collected  this 
fungus  in  Virginia. 
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Cladochytrium  crassum  Hillegas.  Mycologia  33:618.  1941.  On  onion 

epidermis  from  Spruce  Bog,  August,  1962,  and  on  cellophane  paper  bait 
from  Mountain  Lake,  July  1963. 

Polychytrium  aggregatum  Ajello.  Mycologia  34:443.  1942.  On 

chitin  bait  from  Spruce  Bog,  August,  1962. 

Chytridium  rhizophydii  Karling.  Mycologia  40:333.  1948.  A  very 

common  fungus  in  acid  bog  communities.  From  Twin  Springs,  August, 

1961  on  sporangia  of  Rhizophydium  sp.;  from  Spruce  Bog,  July-August, 

1962  on  sporangia  of  Rhizophydium  globosum,  R.  sphaerotheca  and  R. 
subangulosum;  from  the  Station  spring  overflow  on  sporangia  of  R.  sphaero¬ 
theca,  August,  1962.  This  is  the  first  report  of  this  fungus  since  it  was 
described. 

Chytriomyces  aureus  Karling.  Amer.  Jour.  Bot.  32:363.  1945.  On 

chitin  bait  from  Spruce  Bog,  July,  1962;  on  sweet  gum  and  corn  pollen 
baits  from  Goldfish  Pond,  June,  1963  and  Mountain  Lake,  July,  1963. 

Chytriomyces  hyalinus  Karling.  Amer.  Jour.  Bot.  32:363.  1945. 

Found  many  times  on  various  baits,  chitin  —  corn  pollen  —  onion  epidermis 
—  human  skin  —  sweet  gum  pollen  —  snake  skin,  from  Spruce  Bog,  Moun¬ 
tain  Lake,  Goldfish  Pond,  Station  spring  overflow  and  Atkins  Pond,  July, 
August,  1961-1963. 

Chytriomyces  spinosus  Fay.  Mycologia  39:152.  1947.  On  cello¬ 

phane  and  onion  epidermis  baits  from  Spruce  Bog,  August,  1962. 

Chytriomyces  lucidus  Karling  Bull.  Torrey  Bot.  Club  76:353.  1949. 

On  cellophane  and  onion  epidermis  bait  from  Spruce  Bog,  August,  1962. 

Chftriomyces  appendiculatus  Karling.  Bull.  Torrev  Bot.  Club.  74: 
335.  1947.  On  chitin  bait  from  Spruce  Bog  and  Goldfish  Pond,  August, 

1962. 

Catenochytridium  carolinianum  Berdan.  Amer.  Jour.  Bot.  26:461.  1939. 
In  vegetative  debris  from  Mountain  Lake,  July,  1963. 

Karlingiomyces  dubius  (Karling)  Sparrow.  Aquatic  Phvcomycetes, 
p.  561.  1960.  On  chitin  bait  from  Twin  Springs,  August,  1961. 

Karlingiomyces  marilandicus  (Karling)  Sparrow.  Aquatic  Phvcomv- 
cetes,  p.  562.  1960.  On  cellophane  paper  bait  from  Spruce  Bog  and 

Mountain  Lake,  August,  1962. 

Karlingi omyces  lobatus  (Karling)  Sparrow.  Aquatic  Phvcomvcetes, 
p.  563.  1960.  On  onion  epidermis,  cellophane  and  bibulous  paper  baits 

from  Spruce  Bog,  August,  1962. 

N owakowskiella  elegans  (Nowak.)  Schroeter.  Engler  and  Prantl, 
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Naturlichen  Pflanzenfam.  1:82.  1892.  On  cellophane  and  bibulous 

paper  baits  from  Spruce  Bog,  Goldfish  Pond,  and  Atkins  Pond,  August, 
1962.  This  fungus  was  collected  in  Virginia  by  Scott  (1960). 

N owakowskiella  profusa  Karling.  Bull.  Torrey  Bot.  Club  68:386. 
1944.  On  cellophane  and  bibulous  paper  from  Spruce  Bog  and  Atkins 
Pond,  July-August,  1962. 

N owakowskiella  ramosa  Butler.  Mem.  Dept.  Agr.  India,  Bot.  Ser. 
1:141.  1907.  On  bibulous  paper  baits  from  Spruce  Bog,  August,  1962. 

N owakowskiella  elongata  Karling.  Bull.  Torrey  Bot.  Club  71:375. 
1944.  On  cellophane  bait  from  Mountain  Lake,  August,  1962. 

N owakowskiella  macrospora  Karling.  Amer.  Jour.  Bot.  32:29.  1945. 

On  onion  epidermis  bait  from  Spruce  Bog,  August,  1962. 

M  onoblepharidales 

Gonapodya  polymorpha  Thaxter.  Bot.  Gaz.  20:481.  1895.  On  young 

fruits  of  Viburnum  cassinoides  L.  from  a  moss  bog  on  the  Appalachian 
Trail,  3  miles  north  of  crossing  of  the  Old  West  Virginia  Rd.  The 
method  of  sexual  reproduction  for  this  fungus,  first  described  correctly 
by  Johns  and  Benjamin  (1954),  was  corroborated  during  this  study 
(Miller,  1963a).  G.  polymorpha  has  previously  been  collected  in  the 
Mountain  Lake  area  by  Matthews  (1935)  and  Scott  et  al.  (1963a). 
Hvphochytriales 

Rhizidiomyces  apophysatus  Zopf.  Nova  Acta  Acad.  Leop. -Carol. 
47:188.  1884.  On  sweet  gum  and  corn  pollen  baits  from  Atkins  Pond. 

July,  1962. 

Rhizidiomyces  hirsutus  Karling.  Bull.  Torrey  Bot.  Club  72:47.  1945. 
On  sweet  gum  and  corn  pollen  baits  from  Sinking  Creek,  August,  1961. 
Saprolegniales 

Saprolegnia  ferax  (Gruith)  Thuret.  Ann.  Sci.  Nat.  Bot.  Series  3, 
14:214.  1850.  On  snake  skin  bait  from  Spruce  Bog,  July,  1962.  Pre¬ 

viously  collected  in  Virginia  by  Scott  (1960)  and  Scott  and  O’Bier  (1962). 

Saprolegnia  mixta  de  Bary.  Bot.  Zeit.  41:38.  1883.  On  hemp 

seed  bait  in  many  collections  from  Twin  Springs,  July,  1961.  This  fungus 
was  collected  in  Virginia  by  Scott  (1960). 

Saprolegnia  litoralis  Coker.  The  Saprolegniaceae,  p.  54.  1923.  On 

corn  pollen,  sweet  gum  pollen,  and  hemp  seed  baits  from  Twin  Springs, 
July,  1961.  S.  litoralis  was  previously  collected  at  Mountain  Lake  by 
Matthews  (1935). 

Saprolegnia  asterophora  de  Bary.  Jahrb.  f.  wiss.  Bot.  2:189.  1860. 
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On  fruits  of  Viburnum  alnifolium  L.  and  snake  skin  baits  from  Golfish 
Pond,  August,  1962. 

Saprolegria  sp.  On  snake  skin  bait  from  Spruce  Bog  and  Atkins 
Pond,  July,  1962. 

Leptolegnia  subterranea  Coker  and  Harvey.  Jour.  Elisha  Mitchell 
Sci.  Soc.  41:158.  1925.  From  Spruce  Bog,  July,  1962,  on  snake  skin 

bait.  Scott  (1960)  collected  this  fungus  from  agricultural  soils  in  Vir¬ 
ginia. 

Achlya  colorata  Pringsheim.  Stizungsber.  Akad.  Berlin,  1882:15. 
1882.  On  hemp  seed  bait  from  Twin  Springs,  July,  1961.  Previously 
collected  in  Virginia  by  Scott  (1960)  and  Scott  et  al.  (1963a). 

Achlya  megasperma  Humphrey.  Trans.  Amer.  Phil.  Soc.  (N.  S.) 
17:118.  1893.  On  snake  skin  bait  from  Twin  Springs,  June,  1963. 

Johnson  (1956)  reports  that  this  species  was  collected  on  washed  snake- 
skin  substratum  by  Sparrow  in  Cuba. 

Achlya  treleaseana  (Humphrey)  Kauffman.  Ann.  Rept.  Mich.  Acad. 
Sci.,  Arts  and  Letters  8:26.  1906.  On  hemp  seed  bait  from  Twin 

Springs,  July,  1961,  June,  1963,  and  from  Spruce  Bog,  July,  1962.  This 
species  has  previously  been  reported  from  this  area  of  Virginia  by  Scott 
et  al.  (1963a). 

Achlya  caroliniana  Coker.  Bot.  Gaz.  50:381.  1910.  On  Viburnum 

alnioflium  fruits  added  as  bait  from  Mountain  Lake  August,  1962.  Col¬ 
lected  previously  in  Virginia  by  Scott  (1960). 

Aphanomyces  laevis  de  Bary.  Jahrb.  wiss.  Bot.  2:179.  1860.  Col¬ 

lected  many  times  on  snake  skin,  sweet  gum  and  corn  pollen  baits  from 
Spruce  Bog,  Mountain  Lake,  and  Atkins  Pond,  July-August,  1962.  A. 
laevis  was  previously  reported  from  Virginia  by  Scott  (1961),  Scott  and 
O’Bier  ( 1962) ,  and  Scott  et  al.  ( 1963a) . 

Aphanomyces  patersonii  Scott.  The  Virginia  Jour.  Sci.  7:171.  1956. 

On  a  dead  mosquito  from  Goldfish  Pond,  August,  1962.  This  is  the  first 
report  of  A.  patersonii  since  it  was  described  in  Michigan. 

Aphanomyces  irregulare  Scott.  Va.  Agr.  Exp.  Sta.  Tech.  Bull.  151: 
47.  1961.  On  snake  skin  bait  from  Goldfish  Pond  and  Atkins  Pond, 

July,  August,  1962.  This  is  the  first  report  of  this  species  since  its  origi¬ 
nal  description. 

Aphanomyces  stellatus  de  Bary.  Jahrb.  wiss.  Bot.  2:178.  1860. 

On  snake  skin  bait  from  Spruce  Bog,  July,  1962  and  insect  exuviae  from 
Twin  Springs,  June,  1963.  This  species  was  previously  collected  in  Vir¬ 
ginia  by  Scott  ( 1960) . 
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Sommer storffia  spinosa  Arnaudow.  Flora  116:109.  1923.  A  roti¬ 

fer-capturing  fungus  from  Mountain  Lake  growing  in  the  bodies  of  Lepa- 
della  sp.  which  it  had  captured,  July,  1963. 

Dictyuchus  sterile  Coker.  The  Saprolegniaceae,  p.  151.  1923.  On 

fruits  of  Viburnum  alnifolium  added  as  baits  from  Goldfish  Pond,  August, 
1962.  Previously  collected  by  Scott  (1960)  in  Virginia. 

Leptomitales 

Leptomitus  lacteus  (Roth)  Agardh.  Systema  algarum,  p.  47.  1824. 

Found  in  vegetable  “scum”  pustules  and  associated  with  many  other  micro¬ 
organisms  from  Spruce  Bog,  August,  1962.  L.  lacteus  has  previously 
been  reported  in  this  area  by  Scott  and  O’Bier  (1962)  and  Scott  et  al. 
(1963a). 

Sapromyces  elongatus  (Cornu)  Coker.  N.  A  .Flora  2:62.  1937. 

On  Viburnum  alnifolium  fruit  baits  from  Mountain  Lake,  August,  1962. 
Lagenidiales 

Olpidiopsis  luxurians  Barrett.  Ann.  Bot.  London  26:231.  1912.  A 

parasite  of  the  hyphae  of  Aphanomyces  sp.  from  Atkins  Pond  and  Moun¬ 
tain  Lake,  August,  1961,  July,  August,  1962. 

Olpidiopsis  aphanomycis  Cornu.  Ann.  Sci.  Nat.  Bot.  V,  15:148. 
1872.  Parasitizing  the  hyphae  of  Aphanomyces  laevis  from  Atkins  Pond 
and  Mountain  Lake,  August,  1962.  It  has  previously  been  reported  in 
Virginia  by  Scott  (1960)  and  Scot  et  al.  (1963a). 

Lagenidium  pygmaeum  Zopf.  Abhandl.  Naturforsch.  Gesell.  Halle. 
17:96.  1887.  In  sweet  gum  pollen  from  Atkins  Pond  and  Mountain 

Lake,  July,  August,  1962. 

Lagenidium  netrii  Miller.  Jour.  Elisha  Mitchell  Sci.  Soc.  81:  (In 
press).  1965.  A  parasite  of  an  unidentified  species  of  the  algal  genus 
Netrium,  which  was  collected  in  water  samples  from  Lake  Rana  (also 
called  Goldfish  Pond),  July,  August,  1962. 

Peronosporales 

Z oophagus  insidians  Sommerstorff.  Osterr.  botan.  Zeitschr.  61:372. 
1911.  A  rotifer-capturing  fungus  growing  in  the  bodies  of  an  unidentified 
species  of  the  rotifer  genus  Lepadella,  which  the  fungs  had  captured. 

Pythium  echinulatum  Matthews.  Studies  on  the  Genus  Pythium ,  p. 
101.  1931.  On  immature  fruits  of  Vaccinium  sp.  added  as  baits  to  water 

collections  from  Twin  Springs,  June,  1963. 

Pythium  carolinianum  Matthews.  Studies  on  the  Genus  Pythium ,  p. 
71.  1931.  Collected  on  various  baits,  fruits  of  Viburnum  alnifolium 
and  V.  cassinoides  —  snake  skin  —  onion  epidermis  —  sweet  gum  pollen- 
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decaying  plant  tisue,  from  Twin  Springs,  July,  1961  and  from  Spruce 
Bog,  a  bog  on  the  Appalachian  Trail,  and  the  Cascades,  July,  August, 
1962.  Previously  collected  in  Virginia  by  Scott  (1960). 

Phytophthora  sp.  Collected  several  times  from  Goldfish  Pond  At¬ 
kins  Pond,  and  Mountain  Lake  on  fruits  of  Viburnum  cassinoides  added 
as  baits,  August,  1962. 


Summary 

An  annotated  list  including  69  species  representing  29  genera  of 
aquatic  Phycomycetes  from  Mountain  Lake  Biological  Station,  Virginia, 
is  given.  These  fungal  taxa  were  collected  during  a  general  survey  of 
lower  aquatic  fungi  carried  on  during  parts  of  the  summers  of  1961-1963. 
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Long  before  the  modern  techniques  of  chemical  synthesis  were  de¬ 
veloped,  tallow  was  used  for  the  manufacture  of  soap,  a  university  ap¬ 
plied  surfactant  that  was  practically  the  only  detergent  commonly  known 
to  man  until  well  into  this  century.  Then  the  demands  of  our  burgeon¬ 
ing  textile  industry  and  commercial  laundries,  paralleled  by  our  indus¬ 
trial  capabilities,  and  expanding  knowledge  of  surface  chemistry,  resulted 
in  the  development  and  marketing  of  a  wide  variety  of  synthetic  sur¬ 
factants.  This  finally  led  to  the  production  of  tetrapropyl  benzene  sul¬ 
fonate  by  the  petrochemical  industry  and  the  almost  frenzied  exploitation 
of  compounded  detergents  as  distinct  from  soap.  Madison  Avenue  has 
forgotten  that  soap  is  a  detergent  and  has  almost  convinced  the  house¬ 
wife  that  soap  which  is  still  one  of  the  best  determents  for  personal 
hvgiene  (Darnell,  1960)  and  other  delicate  uses  should  be  shunned. 

In  our  zeal  to  demonstrate  our  ability  to  create  more  effective  and 
more  efficient  detergents  than  soap,  all  of  which  was  initiated  primarily 
because  of  the  hardness  ions  in  water,  the  consideration  of  whole  tallow 
as  an  ideal  starting  material  was  neglected.  But  now  we  have  returned 
to  the  investigation  of  tallow.  We  have  found  that  tallow  acid  esters, 
particularly  the  sugar  esters,  glyceryl  sugar  ester  mixtures,  and  oxyethvle- 
nated  adducts  of  the  latter  constitute  a  family  of  active  surfactants  with 
a  wide  field  of  application. 

Your  attention  is  invited  to  this  group  of  surface  active  agents.  They 
are  nonionic,  very  readily  biodegradable;  and  function  by  virtue  of  the 
fact  that  each  is  composed  of  two  relatively  large  radicals  which  are 
strongly  opposed  to  each  other  insofar  as  their  hydrophilic  and  lipophilic 
characteristics  are  concerned.  The  fatty  acid  radicals  are  critically  lipo¬ 
philic  while  the  sugar  radicals  and  the  polyoxyethylene  radicals  are  strongly 
hydrophilic.  Other  hydrophilic  substances  with  available  hydroxyls  prob¬ 
ably  could  be  substituted  for  the  sugar;  and  other  hydrophylic  groups 
probably  could  be  substituted  for  the  polyoxyethylene,  if  desired. 

From  this  family  of  surfactants  one  may  create  surface  active  agents, 
i.e.,  wetting  agents,  dispersing  agents,  penetrating  agents,  emulsifying 
agents,  and  translocation  agents,  etc.,  especially  qualified  for  specific 
applications  (Nobile,  1961)  and  (Ledoga,  1963).  Furthermore,  so  long 
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as  one  does  not  deliberately  introduce  the  phenyl  radical  or  other  radicals 
that  are  not  readily  biodegradable,  e.g.,  containing  quaternary  carbon 
(Wayman  and  Robertson,  1963),  the  products  will  not  be  difficult  to 
handle  through  sewage  disposal. 

At  this  time,  when  Western  Europe  (Article  by  Staff  Writer,  1963a) 
and  the  United  States  are  so  disturbed  about  the  contamination  of  their 
water  supplies  by  the  difficultly  biodegradable  surfactants  of  the  so-called 
“hard”  detergents  (K’ser,  1959;  Davids,  and  Flynn,  1960;  UPI  item, 
1962;  Articles  by  Staff  Writer,  1963b  and  c;  and  numerous  articles  in 
the  J.  Am.  Water  Works,  1953-63  not  specifically  cited  herein),  it  is  quite 
fitting  that  this  family  of  tallow-derived  surfactants,  so  readily  biodegrad¬ 
able;  and  so  readily  manufactured  on  an  economically  competitive  basis 
be  carefully  evaluated.  Polyoxyethylenated  glyceryl  hexose  tallowate, 
PGHT,  is  essentially  a  solution  of  polyoxyethlenated  hexose  tallowate  in 
poloxyethylenated  mono-,  di-,  and  triglycerides.  It  is  an  active  hydro- 
phylic  surfactant.  It  is  a  readily  biodegradable  detergent  base  of  high 
detergent  efficiency.  It  has  been  demonstated  to  be  superior  to  tetra- 
propyl  benzene  sulfonate  in  the  built  detergent  forms  run  in  comparative 
tests  described  later  in  this  paper.  To  the  extent  that  it  is  used  in  lieu 
of  the  hard  detergent  base  it  will  relieve  or  eliminate  the  contamination 
of  our  Virginia  water  supply  by  the  difficultly  biodegradable  foamers. 

This  detergent  base  is  a  mixture  of  substances  as  described  in  the 
foregoing  paragraph.  It  is  prepared  from  three  constituents,  ethylene 
oxide,  tallow,  and  cane  or  beet  sugar  in  proportions  to  yield  the  surface 
characteristics  desired.  There  are  no  by-products.  Consequently,  there 
is  very  little  loss  of  input  materials. 

So  far  as  the  constituents  are  concerned  the  picture  is  favorable. 
The  sugar  production  capabilities  of  the  world  are  enormous.  Further¬ 
more,  they  have  never  been  developed  to  anything  near  their  ultimate 
limits.  The  current  price  for  sugar  (April,  1964)  is  abnormally  high, 
but  not  prohibitive;  and  the  high  price  cannot  prevail  for  long.  Besides, 
other  sugars  probably  could  be  substituted. 

There  is  an  abundant  supply  of  tallow  available.  The  United  States 
alone  produces  about  4,000,000,000  pounds  per  year  of  inedible  tallow 
(Howard,  1963)  and  this,  and  the  world  supply  will  increase  rapidly  as 
the  standard  of  living  rises  throughout  the  Western  World  and  the  popula¬ 
tion  increases.  Consequently,  sugar  and  tallow  should  be  available  at 
competitively  satisfactory  prices,  and  probably  cheaper  than  ethylene 
oxide. 

Ethylene  oxide  is  a  petrochemical.  It  is  the  principal  constituent 
of  the  product,  PGHT.  Therefore,  the  transition  to  this  detergent  base 
should  not  be  too  unpalatable  for  the  petrochemical  industry  which,  as 
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you  know,  produces  the  hard  detergent  bases  now  threatening  our  water 
supply. 

The  glyceryl  sugar  tallowate  is  prepared  by  a  modified  procedure 
covered  by  patent  (Hass,  et  al.,  1959)  assigned  to  the  Sugar  Research 
Foundation,  Inc.  Refined  cane  or  beet  sugar  as  the  source  of  sucrose 
is  reacted  with  tallow  (largely  glyceryltripalmitate,  -tristearate  and  -trio¬ 
leate  with  an  average  molecular  weight  of  about  860)  in  the  presence 
of  anhydrous  potassium  carbonate  as  catalyst  and  dimethylformamide 
(DFM)  as  reaction  medium  (Nobile,  1961).  The  reaction  mixture  is 
maintained  at  a  temperature  somewhat  above  the  titre  of  the  tallow  for 
about  8  hours.  However,  at  no  time  during  the  entire  process  is  the 
temperature  allowed  to  exceed  95°  C.  The  process  is  conducted  under 
slight  vacuum  to  prevent  escape  of  DFM  fumes. 

The  solvent,  and  most  of  the  free  sugar  are  recovered  and  recycled. 
The  product  which  is  isolated  from  the  reaction  mixture  by  appropriate 
distillation  and  extraction  procedures  is  a  light  straw  color  and  the  con¬ 
sistency  is  a  little  more  waxy  than  the  fancy  white  inedible  tallow  from 
which  it  was  derived.  It  should  be  considered  as  a  solid  solution  of 
the  sugar  esters  of  the  fatty  acids  in  the  mono-,  di-,  and  triglycerides. 
It  is  an  active  surfactant  with  many  applications  where  an  active  lipophilic 
agent  is  required,  e.g.,  in  bakery  doughs,  ice-cream  mixes,  salad  dressings, 
and  cosmetic  creams,  etc.  ,etc. 

Because  of  the  presence  of  the  mono-,  and  diglycerides  and  about 
3%  free  fat  the  product  is  quite  hydrophobic.  This  may  be  altered  by 
extraction  of  the  glycerides  to  the  extent  required  thereby  increasing 
the  ratio  of  hydrophilic  esters  present  and  thus  altering  the  hydrophilic- 
lipophilic  characteristics  of  the  product  as  desired. 

By  varying  the  parameters  of  the  process,  time,  temperature,  and 
concentration  of  reactants,  the  nature  of  the  final  product  can  be  modified 
at  will.  However,  by  maintaining  them  at  relatively  constant  control 
conditions  the  resulting  end  product  is  correspondingly  uniform. 

The  glyceryl  hexose  tallowate  is  much  too  hydrophobic  to  function 
well  as  a  detergent  base,  i.e.,  as  the  active  surfactant  in  a  detergent. 
This  is  not  surprising  since  it  contains  a  great  quantity  by  weight  tallow 
equivalent.  However  the  interaction  between  the  sugar  and  tallow  resulted 
in  the  formation  of  mono-,  and  diglycerides  from  the  fat  which  of  course 
is  triglyceride.  Consequently,  hydroxyls  are  available  in  both  the  gly¬ 
cerides  and  tallow-sugar  esters  for  reaction  with  ethylene  oxide. 

When  treated  with  sufficient  ethylene  oxide  to  produce  a  polyoxy- 
ethylenated  mixture  of  polyoxyethylenated  glycerides  and  polyoxyethyle- 
nated  hexose  tallowates  a  viscous  light  yellow-brown  liquid  results.  It  is 
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a  very  active  hydrophilid  surfactant  that  should  find  many  industrial 
applications. 

One  of  the  great  adavntages  of  manufacturing  this  family  of  tallow- 
derived  surfactants  is  that  by  controlling  the  degree  of  esterification; 
or  the  degree  of  oxyethylenation;  or  the  degree  of  extraction  of  glycerides 
from  tallow  acid  esters;  or  by  blending  these  various  products  together 
as  may  be  required,  it  is  possible  to  produce  a  surfactant  of  the  foaming 
or  non-foaming  characteristic  that  may  be  desired,  or  degree  of  hydro- 
philia  or  lipophilia  required.  It  is  possible  therefore  to  approach  all  the 
problems  of  humectation,  emulsion  and  dispersion  now  treated  by  non¬ 
ionic  or  ionic  surfactants  as  well  as  to  compete  with  anionic  surfactants 
in  the  field  of  detergents  including  tetrapropyl  benzene  sulfonate,  the 
foamer,  and  sodium  alkane  sulfonate,  a  ‘‘soft”  detergent  base  the  petro¬ 
chemical  industry  is  about  to  offer. 

Polyoxyethylenated  glyceryl  hexose  tallowate  is  an  excellent  detergent 
base.  Detergents  are  compounded  according  to  the  intended  use.  They 
are  composed  of  the  surfactant  or  detergent  base,  and  a  variety  of  addi¬ 
tional  materials  such  as  stabilizing  agents,  bleaches,  water  treating  and 
sequestering  agents,  fillers,  and  other  materials  referred  to  in  toto  as 
builders.  The  detergents  on  the  market  today  average  about  20%  deter¬ 
gent  base  and  80%  builders.  Whereas  in  the  case  of  polyoxyethylenated 
glyceryl  hexose  tallowate  less  than  5%  is  required  to  produce  a  superior 
detergent,  (P).  See  Table  3  for  composition. 

Detergency  and  washing  efficiency  tests  for  detergent  P  were  con¬ 
ducted  in  Paris,  France  in  October  1963.  A  comparison  was  made  with 
two  commercial  products,  one  (T)  with  a  hard  ABS  type  base,  and  the 
other  (S)  with  a  long  chain  alcohol  adduct  base.  The  tests  were  con¬ 
ducted  in  an  independent  commercial  detergency  test  laboratory  under 
the  careful  scrutiny  of  the  authors.  Three  identical  washing  procedures 
were  carried  out  using  one  of  the  three  detergents  P,  T  or  S  in  each. 
The  laundry  loads  were  composed  of  cotton,  linen  and  viscose  items. 
Each  load  was  selected  as  nearly  identical  to  the  others  as  possible.  All 
three  batches  were  equally  (and  very)  dirty. 

The  test  results  were  obtained  by  careful  visual  inspection  of  each 
batch  of  laundry  by  experienced  laundry  laboratory  technicians  before 
and  after  washing;  and  by  photometric  measurement  of  test  swatches  by 
the  Delft  T.N.O.  test  procedure  (Berne-Alien,  1963).  For  details  see 
Tables  1,  2,  and  3.  Both  of  the  control  batches  of  laundry  were  unsatis¬ 
factory.  After  the  washing  procedure  they  were  still  dirty,  particularly 
around  the  neck  bands  and  cuffs,  etc.  T  foamed  excessively  during 
the  wash  period.  The  S  batch  showed  marked  reprecipitation  of  greasy 
dirt  that  had  been  washed  from  the  clothing.  Tiny  pinpoint  flecks  of 
black  grease  which  smeared  when  touched  were  uniformly  distributed 
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throughout  the  batch.  On  the  other  hand,  the  batch  washed  with  P  was 
beautifully  clean  and  white.  There  was  no  indication  of  reprecipitation 
and  the  detergent  had  not  caused  foam  during  the  washing  period. 

The  results  of  the  Delft  photometric  detergency  efficiency  test  were 
equally  impressive.  The  measurements  indicated  S  to  be  only  15% 
effective,  and  T,  29%;  while  P  was  91%  effective;  which  corresponded 
to  the  visual  appearance  of  the  test  strips;  and  to  the  relative  condition 
of  the  three  batches  of  laundried  clothing.  The  comparative  laundry 
detergency  test  was  a  very  spectacular  demonstration  of  the  effectiveness 
of  the  polyoxyethylenated  glyceryl  hexose  tallowate  detergent. 

Since  automatic  dishwashers  are  not  in  general  use  among  Europeans 
a  supply  of  the  detergent  was  carried  back  to  the  United  States  and  com¬ 
parative  tests  run  in  my  own  kitchen  over  a  period  of  about  six  weeks 
during  the  fall  of  1963.  There  was  a  negligible  amount  of  foam,  i.e. 
practically  none;  and  although  the  Sarasota  water  has  a  high  solids  con¬ 
tent  even  the  glasses  passed  critical  inspection. 

Recent  results  of  research  (Kurtz,  et  al.,  1964)  at  the  University  of 
Arizona  sponsored  by  the  Fats  and  Proteins  Research  Foundation,  Inc. 
of  Chicago,  Illinois,  confirms  earlier  work  (McCarthy,  1960)  sponsored 
by  the  National  Renderers  Association,  Inc.  of  Chicago,  Illinois,  demon¬ 
strating  that  sugar  esters  are  superior  adjuvants  for  herbicide  sprays. 
The  more  recent  work  continued  on  into  the  investigation  of  sugar  tallo- 
wates  and  sugar  glyceride  tallowates.  Both  of  these  in  comparative 
tests  versus  controls  using  commercially  available  adjuvants  yielded  excel¬ 
lent  results.  Both  enhanced  penetration  and  translocation  of  the  active 
agent,  2,4-D.  Tests  are  now  continuing  with  polyoxyethylenated  hexose 
tallowate.  There  are  reasons  to  believe  that  blends  of  this  material  with 
sugar  glyceride  tallowate  may  result  in  even  a  more  effective  adjuvant 
for  agricultural  sprays. 

It  is  worthy  of  note  that  if  this  family  of  tallow-derived  surfactants 
is  exploited  in  accordance  with  its  merits  as  indicated  by  preliminary 
researchers  they  will  come  into  extensive  use  in  foodstuffs,  e.g.,  bakery 
doughs,  candies,  ice  creams,  salad  dressings;  in  cosmetics  and  proprietary 
items,  e.g.,  hair  dressings,  hand  lotions,  facial  cream  and  many,  many 
other  applications;  and  in  big  volume  industrial  uses,  e.g.,  as  dispersants 
in  dialling  muds,  and  as  indicated  above  ,as  adjuvants  for  agricultural 
sprays  and,  most  important  of  all  in  detergents.  Insofar  as  this  comes 
to  pass,  it  will  eliminate  the  threat  of  contamination  to  our  water  supply 
which  hard  detergents  now  pose.  These  tallow-derived  surfactants  are 
very  readily  biodegradable.  Furthermore,  they  offer  sugar  to  the  waste 
effluent  as  an  intermediate  degradation  product;  and  this  in  turn  may 
assist  the  bacteria  in  destroying  less  readily  biodegradable  materials  which 
may  be  present  (Geological  Survey,  1963). 
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The  displacement  of  soap  by  synthetic  detergents  is  causing  ground 
water  contamination.  A  broad  family  of  surfactants  based  upon  the  direct 
interaction  of  sugar  and  tallow  is  offered  to  eliminate  this  problem.  The 
product  is  composed  of  a  solid  solution  of  sugar  esters  in  mono-,  di-,  and 
triglycerides.  By  controlling  parameters,  a  uniform  mixture  of  desired 
composition  results.  It  may  be  separated  into  two  fractions,  one  essen¬ 
tially  esters,  the  other,  glycerides.  All  fractions  are  readily  oxyethyle- 
nated  to  increase  hydrophilia,  and  are  mutually  compatible  with  untreat¬ 
ed  materials.  Thus,  surfactants  can  be  blended  to  exact  requirements. 
A  superior  adjuvant  for  agricultural  sprays,  a  superior  detergent  for  dish 
washers  and  heavy  duty  laundry  have  been  conclusively  demonstrated. 
These  materials  are  economically  competitive,  superior  in  performance, 
and  very  readily  biodegradable. 


TABLE  1. -COMPARATIVE  DETERGENCY  TEST  WASHING 

CONDITIONS 


Machine:  Shultess,  SF/10 

Load:  8  kg  (17.6  lbs.)  of  very  dirty  laundry;  half  inside  a  mash  bag; 
half  free  including  detergency  test  strip  for  Delft  test  (T.N.O. 
Test) 

Bath  Ratio:  5  parts  water  to  1  part  laundry  (by  wt.) 

Bath  Temperature:  85°C. 

Quantity  of  Detergent:  300  g.  (approximately  11  ounces) 

Washing  Period:  20  minutes 

Rinsing  Periods:  All  four  were  3  minutes  each 

First  Rinse:  65 °C.  6  parts  water  to  1  part  laundry 

Second  —  Fourth  Rinses:  Normal  cold  water,  tap  temperature;  8  parts 
water  to  1  part  laundry 

Javel  Water:  None  was  added  to  rinses  (for  better  comparison  of  deter¬ 
gents  effect) 

Place:  Centre  Technique  de  la  Blanchisserie  et  des  Industries  du 

Lavage:  Department,  “Recherche  Appliquee”,  122  Rue  de  Pic- 
pus,  Paris  XII,  France. 
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Supervision:  Mr.  R.  Viquier,  Ing.  Chim. 

Witnesses:  Dr.  Luciano  Nobile,  Ledoga,  Milan  Italy 

Dr.  Rene  Antoine,  Pecheney,  St.  Gobain  Chimica  (S.P.C.S.), 
Bezons  (L&O)  France 

Dr.  Allan  Berne-Alien,  National  Renderers  Association,  Chi¬ 
cago, Illinois,  U.S.A. 

Time  and  Date:  2:00-6:00  p.m.  Monday,  7  October  1963. 


TABLE  2.— COMPARATIVE  DETERGENCY  TEST  DETERGENT 
EFFECTIVENESS:  BY  OBSERVATION 


Condition  of  Laundrv  before  Washing: 

Arbitrary 

DETERGENT 

Description 

Index 

T  S  P 

Very  Dirty 

5 

5  5  5 

Dirty 

4 

Fairly  Dirty 

3 

Average  Dirty 

2 

Not  Very  Dirty 

1 

Arbitrary 

DETERGENT 

Description 

Index 

T  S  P 

Very  Well  Washed 

5 

5 

Well  Washed 

4 

Fairly  Well  Washed 

3 

Average  Washed 

2 

Poorly  Washed 

1 

1  1* 

TOTAL  . 

6  6  10 

Note:  *This  batch  of  laundry  washed  with  detergent  S  appeared  to 
have  been  washed  a  little  cleaner  than  the  T  batch  (but  not  satisfactorily 
clean)  but  reprecipitation  of  very  small  flecks  of  black  grease  was  uniform¬ 
ly  scattered  throughout  the  entire  batch. 

The  P  batch  (PGHT  Detergent)  was  beautifully  white  and  clean;  i.e., 
no  cuff  or  neck  band  grime,  or  stain  remained. 

The  T  batch  not  only  washed  poorly  but  foamed  too  severely  to  be 
practicable  for  use  in  mechanical  washing  machines  or  dishwashers. 
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TABLE  3.— COMPARATIVE  DETERGENT  TEST  DETERGENCY 
EFFECTIVENESS:  BY  PHOTOMETRIC  MEASUREMENT 

PROCEDURE:  Delft  T.N.O.  Test 
Data  for  Delft  Percent  Detergency 


Detergent 

Type  of 

PHOTOMETER 

READINGS 

Percent 

Tested 

Detergent 

A 

B 

C 

Detergency 

T 

Anionic 

95 

29 

48 

29 

P 

Nonionic 

95 

29 

89 

91 

S 

Nonionic 

95 

29 

38 

14 

A==  Photometric  reading  on  white  border  before  washing. 

B  =  Photometric  reading  on  colored  center  before  washing. 
C  =  Photometric  reading  on  colored  center  after  washing. 

Percent  Detergency  =  (C-B)/(A-B)  X  100 
Calculations: 


Test 

Calculation 

%  Detergency 

T 

((48-29)/(95-29)=19  divide  66) 

X  100 

28.8 

P 

((89-29)/ (95-29)  =60  divide  66) 

x  100 

91.0 

S 

REMARKS: 

(( 38-29)  /( 95-29)=  9  divide  66) 

x  100 

13.6 

Detergent  T  and  S  were  purchased  directly  from  retail  shelf  prior  to  test. 

Detergent  P  was  prepared  and  provided  by  Ledoga  through  their  French 
affiliate  SPCS. 

For  time,  place  and  date,  etc.  see  Table  1. 

Detergent  T  is  anionic  type,  TBS;  i.e.,  Tetrapropylbenzenesulfonate. 
Detergent  S  is  nonionic  type,  long  straight  chain  alcohol  adduct. 

Detergent  P  is  nonionic  type,  partially  oxyethylenated  sucro-glyceride 
tallowate  of  the  following  composition: 


ITEM  %  by  wt. 

Detergent  P  .  5 

Sodium  metosilicate  .  16 

Sodium  tripolyphosphate  .  40 

Anhydrous  sodium  sulfate  .  12 

Anhydrous  sodium  carbonate  .  12 

Stabilized  sodium  perborate  .  14 

Carboxymethyl  cellulose  .  1 


Total 


100 
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STUDIES  OF  VIRGINIA  FLORA  —  A  REVIEW 

A.  B.  Massey,  Forestry  and  Wildlife,  Virginia  Polytechnic  Institute 
Received  for  publication,  November  24,  1964 

To  the  botanist,  the  plant  lover  and  the  nature  seeker,  Virginia  offers 
much  diversity  of  climate  and  soil,  and  correspondingly,  of  plant  life. 

Recent  generations  of  botanists  in  the  State  have  not  taken  advan¬ 
tage  of  the  opportunity  at  hand.  In  colonial  days  Virginia  was  an  im¬ 
portant  botanical  center  in  America  because  of  the  activity  of  John  Clay¬ 
ton,  John  Banister,  Mark  Catesby  and  others.  Their  collections  went  to 
Europe,  some  of  which  are  now  extant  in  foreign  herbaria.  The  speci¬ 
mens  Clayton  retained  in  Virginia  were  destroyed  by  fire.  With  the 
passing  of  Clayton,  centers  of  American  botany  developed  in  Philadelphia 
and  northward.  Following  colonial  days  most  of  the  investigations  of 
the  flora  of  Virginia  were  conducted  by  botanists  from  other  states  and 
their  specimens  filed  elsewhere.  In  1892  J.  K.  Small  and  Anna  Vail  of 
the  New  York  Botanical  Garden  explored  the  vegetation  in  parts  of  South¬ 
western  Virginia  and  in  the  early  1900’s  Professor  Merrimen  of  the  Uni¬ 
versity  of  Richmond  investigated  the  plant  life  of  Richmond  and  vicinity. 
Merriman’s  herbarium  was  destroyed  by  fire;  fortunately  his  specimens 
had  been  critically  examined  by  Dr.  Wiegand  of  Cornell  University  and 
Professor  Merriman  had  prepared  a  manuscript  on  the  Flora  of  Richmond 
and  vicinity.  Dr.  E.  A.  Smyth,  Jr.  started  an  Herbarium  at  V.  P.  I. 
prior  to  1905.  His  specimens  were  from  South  Carolina  and  Montgomery 
County,  Virginia. 

The  writer  started  an  Herbarium  at  V.  P.  I.  in  1920.  Finding  little 
literature  relative  to  the  plant  life  of  the  State,  institutions  within  the 
State  were  visited  to  determine  to  what  extent  the  plant  life  was  being 
investigated.  It  was  discouraging  to  find  that  the  flora  of  Virginia  had 
been  and  was  being  neglected  by  the  botanists  and  that  little  had  been 
done  to  develop  herbaria.  During  the  1920’s  Professor  Grimes,  of  the 
College  of  William  and  Mary,  collected  extensively  in  the  vicinity  of  Wil¬ 
liamsburg.  The  specimens,  however,  were  not  retained  in  the  State. 
Mrs.  Erlanson  published  in  1924,  Flora  of  the  Peninsula  of  Virginia,  based 
on  the  work  of  Professor  Grimes,  her  late  husband.  The  inactivity  of 
investigations  of  the  flora,  and  the  dearth  of  herbaria,  stimulated  an 
interest  and  desire  on  the  part  of  the  writer  to  develop  a  State  Herbarium 
with  studies  of  the  flora  of  Virginia.  At  V.  P.  I.  a  modest  start  of  an 
herbarium  was  made  with  two  or  three  hundred  specimens  filed  in  a 
small  metal  cabinet.  Progress  was  slow  as  the  writer  was  carrying  a 
full  teaching  program  through  the  academic  year  and  summer  school. 
Also  the  lack  of  funds  and  means  of  travel  retarded  the  work. 
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Attempting  to  incerase  active  studies  of  the  flora,  a  Committee  on 
Virginia  Flora  was  organized  by  I.  F.  Lewis  and  A.  B.  Massey.  The 
committee  was  accepted  by  the  Virginia  Academy  of  Science  as  a  stand¬ 
ing  committee  at  the  1926  meeting.  It  consisted  of  I.  F.  Lewis,  Chair¬ 
man,  University  of  Virginia;  R.  P.  Carroll,  V.  M.  I.;  R.  F.  Smart,  Uni¬ 
versity  of  Richmotnd;  P  A.  Warren,  College  of  William  and  Mary;  and 
A.  B.  Massey,  V.  P.  I.  Presently  the  membership  consists  of  R.  S.  Freer, 
Professor  Emeritus,  Lynchburg  College;  Dorothy  L.  Crandall,  Randolph- 
Macon  Women’s  College;  Lena  Artz,  Waterlick,  Virginia;  K.  A.  Nicely, 
V.P.I.;  A.  M.  Harvill,  Jr.,  Longwood  College,  W.  S.  Flory,  Wake  Forest 
College,  N.  C.;  and  A.  B.  Massey,  V.  P.  L,  Chairman.  Each  member 
is  encouraged  to  explore  the  plant  life  in  their  area  and  to  develop  an 
herbarium.  E.  T.  Wherry,  University  of  Pennsylvania,  H.  A.  Allard  and 
E.  C.  Leonard,  Virginia  resident  while  in  Federal  employment,  have 
generously  cooperated.  Dr.  Lewis  was  chairman  of  the  committee  from 
1926  to  1935  and  the  present  writer  from  1935  to  1965.  With  the  aid 
of  the  committee,  the  late  Dr.  I.  F.  Lewis  was  especially  active  in  pro¬ 
moting  the  publication,  in  1930,  of  Merriman’s  Flora  of  Richmond  and 
Vicinity,  a  book  of  353  pages  and  53  plates  of  line  drawings  by  Miss 
Mary  L.  Lynn  illustrating  some  360  species.  Dr.  Paul  M.  Patterson, 
formerly  a  member  of  the  Committee  is  conducting  an  intensive  studv 
of  the  Bryophytes  of  Virginia  and  several  papers  have  been  published. 

Dr.  M.  L.  Fernald  and  associates  spent  several  seasons  studving  the 
flora  of  southeastern  Virginia  and  published  several  papers  in  Rhodora. 
Dr.  Smart  cooperated  with  Dr.  Fernald  in  the  field  work  in  eastern  Vir¬ 
ginia.  Miss  Artz  is  actively  studying  the  flora  of  the  Massanutten  moun¬ 
tains.  She  has  discovered  species  which  had  not  been  previously  recorded 
as  occurring  in  the  State  and  has  written  several  papers  relative  to  the 
Massanutten  flora.  Some  of  her  specimens  have  been  deposited  in  the 
V.  M.  I.  herbarium.  Dr.  Freer  is  investigating  the  flora  of  the  central 
Blue  Ridge  mountains.  He  has  prepared  several  papers  relative  to  his 
work  and  developed  an  herbarium  in  Lynchburg  College.  He  has  made 
valuable  contributions  to  the  flora  and  was  editor  of  Claytonia,  a  quar¬ 
terly  journal  of  Virginia  botany  which  the  committee  issued  from  1934-1939. 
This  journal  was  discontinued  when  the  Academy  started  the  Virginia 
Journal  of  Science.  Colonel  R.  P.  Carroll  has  studied  the  flora  of  Rock¬ 
bridge  County  and  has  developed  an  herbarium  at  V.  M.  I.  Dr.  Harvill 
who  recently  joined  the  Biology  Department  at  Longwood  College  has 
prepared  a  book,  in  mimeograph  form,  on  the  Spring  Flora  of  Virginia. 
Dr.  Crandall  is  developing  an  herbarium  at  Randolph-Macon  Women’s 
College. 

Dr.  Nicely,  a  recent  addition  to  the  Biology  Department  at  V.  P.  I., 
has  assumed  the  management  of  the  State  Herbarium  at  V.  P.  I.  He  plans 
to  devote  special  attention  to  the  flora  of  the  mountain  terrain  of  South- 
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western  Virginia.  Massey  having  retired  will  continue  to  devote  time 
to  the  flora  and  Nicely  will  chair  the  flora  committee. 

Mr.  Lloyd  Carr  who  conducted  field  studies  in  Augusta  County 
has  his  specimens  in  the  V.  M.  I.  herbarium.  Mr.  W.  W.  Hopkins  who 
actively  collected  specimens  in  an  area  near  Richmond  and  elsewhere 
has  his  specimens  in  the  V.  P.  I.  Herbarium.  R.  F.  Thorne  and  T.  S. 
Cooperrider,  while  on  summer  assignments  in  the  Mountain  Lake  Biologi¬ 
cal  Station  conducted  studies  of  the  flora  of  Giles  County.  They  have 
issued  two  papers  on  the  flora  —  Castanea  25:  1-53  and  Castanea  29: 
46-70.  In  1943,  $75  was  contributed  from  committee  funds  to  promote 
the  publication  of  The  Vegetation  and  Floristics  of  Bull  Run  Mountain  by 
Allard  and  Leonard  in  Castanea  8:  1-64.  We  also  contributed  $75  in 
1963  to  aid  the  publication  of  Pteridophytes  of  the  Mountain  Lake  Area , 
Giles  County ,  Virginia,  Including  Notes  from  Whitetop  Mountain  by  W. 
H.  Wagner,  Jr.  in  Castanea  28:  113-150. 

Herbaria  have  been  developed  at  several  institutions  in  the  State. 
These  are  local  and  primarily  concerned  with  paints  in  the  immediate 
vicinity.  Through  the  activities  of  botanists  and  students  a  modest  her¬ 
barium  has  been  deevloped  in  the  Mountain  Lake  Biological  Station. 
The  herbarium  of  the  University  of  Virginia,  relative  to  Albemarle  County 
and  adjacent  Blue  Ridge  Mountains,  has  been  moved  to  the  Biological 
Station.  Since  these  are  available  for  study  during  the  summer,  there 
is  concern  that  the  specimens  will  not  be  properly  protected  from  insects 
and  dampness  through  the  greater  part  of  the  year.  Miss  Jennie  S.  Jones 
was  especially  active  in  developing  an  herbarium  in  connection  with 
her  work  in  the  seed  laboratory  of  the  Virginia  Department  of  Agricul¬ 
ture.  The  specimens  are  mostly  from  eastern  Virginia,  although  some 
came  from  western  counties. 

In  1935  the  Virginia  Cooperative  Wildlife  Research  Unit  was  estab¬ 
lished  in  the  V.  P.  I.  Department  of  Biology.  Massey  was  relieved  of 
previous  academic  duties  and  assumed  research  and  lighter  academic 
duties  in  taxonomy,  ecology  and  dendrology  in  the  Wildlife  Unit.  With 
funds  for  travel  and  research  becoming  available,  taxonomic  and  ecologi¬ 
cal  investigations  of  the  flora  became  statewide,  resulting  in  the  devel¬ 
opment  of  the  present  State  Herbarium  at  V.  P.  I.  and  publication  of  bul¬ 
letins  and  journal  papers  and  mimeos  dealing  with  flora. 

The  V.  P.  I.  Herbarium  now  consists  of  some  40,000  specimens 
housed  in  35  standard  all-metal  herbarium  cabinets,  14  of  which  were 
provided  by  the  Agricultural  Experiment  Station  and  21  by  the  Depart¬ 
ment  of  Biology. 

Several  contributions  to  the  Herbarium  have  been  received.  The 
heirs  of  Dr.  E.  A.  Smyth,  Jr.,  former  Professor  of  Biology,  presented 
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his  small  collection.  H.  A.  Allard  and  E.  C.  Leonard  contributed  a  col¬ 
lection  from  the  Bull  Run  Mountains;  F.  W.  Hunnewell,  specimens  from 
Northern  Virginia;  M.  L.  Fernald,  a  few  specimens  form  southeastern 
counties;  J.  B.  Lewis,  numerous  specimens  from  Amelia  and  Brunswick 
Counties;  W.  H.  Wagner,  Jr.,  a  collection  of  Pteridophytes  from  Giles 
County  and  vicinity;  O.  H.  Weiss,  from  southeastern  Virginia  and  South 
Carolina;  Freer  and  Miss  Artz  have  contributed  specimens;  R.  D.  Ross 
of  V.  P.  I.  contributed  numerous  specimens  from  vicinity  of  Ithaca,  New 
York  and  Robert  Krai,  formerly  of  V.  P.  I.,  from  Florida  and  Louisiana 
as  well  as  Virginia. 

It  is  encouraging  to  see  that  funds  have  become  available  and  that 
Dr.  F.  S.  Orcutt,  Head  of  Biology,  is  actively  promoting  the  develop¬ 
ment  of  the  Herbarium.  He  has  employed  Mrs.  E.  A.  Smyth  to  assist 
in  the  Herbarium  which  is  very  encouraging  because  previously  Massey 
had  no  trained  help. 

In  retirement,  through  the  generous  cooperation  of  the  Department 
of  Forestry  and  Wildlife,  Massey  is  provided  with  office  space.  As  a 
collaborator,  attention  is  devoted  to  the  identification  of  plants  and  their 
economics  and  caring  for  related  correspondence.  This  also  involves  coop¬ 
eration  with  Dr.  B.  S.  McGinnes,  Leader  of  the  Virginia  Cooperative 
Wildlife  Research  Unit. 

A  bibliography  of  530  citations  bearing  on  the  Flora  of  Virginia  is  to 
be  found  in  the  1961  bulletin  “Virginia  Flora”  (Technical  Bulletin  155, 
Virginia  Agricultural  Experiment  Station.  It  is  of  interest  to  note  that 
75%  of  the  citations  to  publications  relative  to  the  flora  have  been  pub¬ 
lished  since  the  formation  of  the  committee  on  Virginia  Flora,  thus  show¬ 
ing  a  marked  increase  In  the  interest  in  the  study  of  the  State  flora. 
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PLANTS  FROM  THE  PENINSULA  OF  VIRGINIA 

A.  M.  Harvill,  Jr.,  Longwood  College 
Received  for  publication,  September  22,  1964 

The  Peninsula  of  Virginia  includes  Hampton  City,  Newport  News, 
and  the  counties  of  York,  James  City,  Charles  City  and  New  Kent.  It 
is  one  of  the  better  known  botanical  regions  of  Virginia  due  to  the  work 
of  Professor  E.  J.  Grimes  and  Mrs.  Grimes  (Erlanson,  1924).  The 
Grimes’  collections,  together  with  the  flora  of  Professor  Massey  (1961), 
provide  a  good  basis  for  phytogeographic  work  in  the  area. 

The  cradle  of  systematic  botany  in  the  United  States  includes  The 
Peninsula  of  Virginia.  American  natural  historv  begins  with  Tohn  Banis¬ 
ter  who  lived  and  worked  in  Charles  City  County  as  earlv  as  1678 
(Lewis,  1957).  Mark  Catesby  built  the  foundation  for  his  Natural  His¬ 
tory  during  the  years  1712-19  while  living  near  Williamsburg.  Bv  1730, 
John  Custis  was  sending  plants  from  the  region  to  Peter  Collinson  of 
London  (Swen,  1948)  and  Tohn  Clavton  collected  in  the  area  in  the 
earlv  eighteenth  centurv  ( Berkeley  and  Berkeley,  1963)  for  the  Flora 
Virginica  (Gronovius,  1762). 

Although  extremelv  interesting  botanically,  The  Peninsula  was  larcrelv 
bvpassed  bv  Professor  M.  L.  Femald  and  his  associates  (Femald,  1939) 
during  their  work  in  Virginia  because  areas  south  of  the  James  River 
were  less  well-known. 

The  wrtier  was  fortunate  to  be  able  to  make  extensive  collections 
in  the  region  during  the  summer  of  1964  while  teaching  a  course  in 
plant  taxonomy-ecology  at  the  College  of  William  and  Marv  and  the  more 
significant  species  of  these  collections  are  discused  in  this  paper.  An 
asterisk  marks  those  species  which  are  newly  reported  for  The  Peninsula. 

I  am  indebted  to  Dr.  H.  K.  Svenson  for  advice  and  help  in  the  field 
and  to  Dr.  Mitchell  A.  Bvrd  of  the  Department  of  Biology,  College  of 
William  and  Mary,  for  facilities  for  the  work. 

LIST  OF  SPECIES 

*  Lycopodium  flahelliforme  (Fern.)  Blanchard.  Low  woodlands  of  York, 
11434,  and  James  City,  11404,  counties. 

Isoetes  saccharata  E ngelm.  Boggv  woodland  6  miles  west  of  Williams¬ 
burg,  James  Citv  Countv,  11376.  Reported  from  Charles  City  and 
New  Kent  counties  by  Fernald. 

Adiantum  pedatum  L.  Not  recorded  from  The  Peninsula  bv  Massey  but 
listed  by  Erlanson.  Rare  in  James  City  and  York,  11483,  counties. 
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*Najas  gracillima  (A.  Br.)  Magnus.  Minnow  pond  near  Diascund  in 
northwestern  James  City  County,  11362  and  11546.  No  collections 
are  listed  from  Virginia  by  Massey. 

*Cenchrus  incertus  M.  A.  Curtis.  Upper  beach  on  coast  near  Felsgate 
Creek,  York  County,  11686. 

*Carex  laxiculmis  Schwein.  Low  woodland  near  Diascund,  James  City 
County,  11355. 

*Eleocharis  acicularis  (L.)  R.  &  S.  Lake  shore  5  miels  northwest  of 
Williamsburg,  James  City  County,  11365. 

*E.  alhida  Torr.  Swale  near  Yorkville,  York  County,  11698. 

*E.  parvula  (R.  &  S.  )Link.  Sandy  shore  on  Goodwin  Neck,  York  Coun¬ 
ty,  11469. 

*Scirpus  fluviatilus  (Torr.)  Gray.  Shore  of  lake  on  Deep  Creek,  New¬ 
port  News,  11577.  Recorded  from  Arlington  and  Middlesex  counties. 

*Spirodela  polyrhiza  (L.)  Schleid.  Jolly  Pond,  James  City  County,  11541. 

*Wolffiella  floridana  (J.  D.  Sm.)  C.  H.  Thompson.  Jolly  Pond,  James 
City  County,  11541a. 

*Tillandsia  usneoides  L.  On  trees  in  the  pocosin  near  Poquoson,  York 
County,  11619.  Apparently  the  northernmost  collection. 

Medeola  virginiana  L.  Freqeunt  in  James  City  and  York,  11441,  coun¬ 
ties.  Not  recorded  from  The  Peninsula  by  Massey  but  listed  by 
Erlanson. 

*Quercus  laurifolia  Michx.  In  the  pocosin  near  Poquoson,  York  County, 
11641.  Apparently  the  northernmost  collection  from  Virginia. 

*Q.  lyrata  Walt.  In  the  pocosin  near  Poquoson,  York  County,  1942.  Not 
rare  in  Virginia  but  very  local  and  growing  in  specialized  habitats. 

Q.  virginiana  Mill.  Sand  dunes  near  Fox  Hills,  Hampton  City,  11602. 
The  collection  cited  by  Erlanson  came  from  the  campus  of  the  Col¬ 
lege  of  William  and  Mary  and  James  City  County  should  be  deleted 
from  its  natural  range.  Our  northernmost  collection  comes  from 
Mobjack  Bay,  Mathews  County,  on  the  Middle  Peninsula. 

*Salicornia  bigelovii  Torr.  Salt  marshes  near  Seaforth,  York  County, 
11697. 

*S.  virginica  L.  Beach  near  Seaforth,  York  County,  11695. 

*Sesuvium  maritinum  (Walt.)  BSP.  Sandy  soil  near  Seaforth,  York  Coun¬ 
ty,  11691.  Only  Princess  Anne  County  listed  by  Massey. 
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*  Magnolia  grandiflora  L.  Adventive  in  the  woods  and  the  pocosin  of 
James  City  and  York  counties.  Occasional  trees  more  than  20  feet 
high  occur  which  are  reproducing  by  natural  layering  of  the  lower 
branches. 

M.  tripetala  L.  Abundant  in  localized  areas  of  York  County;  very  rare 
in  James  City  County. 

*Asimina  parviflora  (Michx.)  Dunal.  In  the  pocosin  near  Poquoson, 
York  County,  11613. 

*Cakile  edentula  (Bigel.)  Hook.  Sandy  soil,  Salt  Ponds,  Hampton  City, 
11593. 

Decumaria  barbara  L.  Common  in  James  City  and  York  counties.  Not 
recorded  by  Massey  but  listed  by  Erlanson  . 

*Pyrus  angustifolia  Ait.  In  the  pocosin  near  Poquoson,  York  County, 
11604. 

*Xanthoxylum  clava-herculis  L.  On  sandy  soil  at  Sandy  Bay  near  Poquo¬ 
son,  York  County,  11623.  Apparently  the  northernmost  station. 

*Callitriche  palustris  L.  Minnow  pond  near  Diascund,  James  City 
County,  11359. 

*Berchemia  scandens  (Hill)  K.  Koch.  Forming  doming  patches  of  large 
extent  in  the  pocosin  near  Poquoson,  York  County,  11615.  Appar¬ 
ently  the  northernmost  record. 

*Modiola  caroliniana  (L.)  G.  Don.  In  lawns  in  Williamsburg,  James 
City  County,  11800.  Discovered  by  Dr.  H.  K.  Svenson. 

*Nyssa  aquatica  L.  Backwater  swamp  of  the  Chickahominy  River  south 
of  Roxbury  in  Charles  City  County,  11669. 

* Oenothera  humifusa  Nutt.  Sand  dunes  near  Salt  Ponds,  Hampton  City, 
11595. 

*Centella  erecta  (L.f.)  Fern.  Sandy  soil  in  a  ditch  near  Sandy  Bay,  York 
County,  11634.  Recorded  by  Massey  only  from  Princess  Anne  Coun¬ 
ty- 

Liliopsis  chinensis  (L.)  Ktze.  Coastal  marsh,  York  County,  11363.  List¬ 
ed  from  Charles  City  and  New  Kent  counties  by  Massey;  from  James 
City  County  by  Erlanson. 

Lyonai  ligustrina  (L.)  DC.  Woodland  near  Williamsburg,  James  City 
County,  11435.  Not  recorded  by  Massey  for  The  Peninsula  but 
reported  by  Erlanson. 


246  The  Virginia  Journal  of  Science  [July 

*Symplocos  tinctoria  (L.)  L’Her.  Boggy  ravine  near  Diachund,  James 
City  County,  11364. 

*Fraxinus  caroliniana  Mill.  In  the  pocosin  near  Poquoson,  York  County 
11651. 

*  Convolvulus  sepium  L.  Sand  dunes  at  Sandy  Bay  near  Poquoson,  York 
County,  11626. 

*Cuscuta  campestris  Yuncker.  Swamp  at  Sandy  Bay  near  Poquoson,  York 
County,  11624.  Massey  lists  no  collections  for  Virginia. 

Excluded  Species 

Selaginella  rupestris  (L.)  Spring.  Apparently  the  report  of  Erlanson,  also 
recorded  by  Massey,  should  refer  to  S.  apoda  (L.)  Fern,  which  is 
common  on  The  Peninsula. 

Gymnocladus  dioica  (L.)  K.  Koch.  Listed  by  Erlanson  and  recorded  by 
Massey.  I  believe  the  collection  came  from  cultivated  trees  in  Wil¬ 
liamsburg. 

Lillopsis  carolinensis  C.  &  R.  The  record  by  Massey  for  James  City 
County  probably  should  belong  to  L.  chinensis  which  is  listed  by 
Erlanson. 


Summary 

The  status  of  39  species  of  vascular  plants  from  The  Peninsula  of 
Virginia  is  discussed;  31  of  these  species  are  newly  reported  for  the  area. 
Three  species  are  excluded  from  the  flora. 
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A  PUBLIC  FORUM  FOR  SCIENTISTS  AND  EDUCATORS 
AN  EDITORIAL 

Scientists  and  educators  lack  a  public  forum  for  the  presentation 
and  discussion  of  pertinent  ideas  and  issues  of  concern  to  the  state  of 
Virginia  and  the  Virginia  Academy  of  Science. 

At  present  there  are  numerous  issues  concerning  science  which  lack 
a  concensus  of  opinion.  Examples  of  such  issues  within  the  state  are 
high  school  teacher  certification,  enrollment  of  out-of-state  students  at 
public  universities  and  colleges,  and  the  establishment  of  a  state  science 
museum.  Of  concern  to  the  Virginia  Academy  of  Science  is  the  time 
and  location  of  the  annual  meeting.  Is  May  the  most  satisfactory  month 
and  should  the  meeting  be  held  in  metropolitan  areas  or  on  college  cam¬ 
puses?  The  Academy  is  presently  composed  of  eleven  sections.  Per¬ 
haps  some  should  be  combined  or  additional  ones  established. 

To  meet  the  need  for  an  expression  of  opinions  —  be  they  minority, 
majority  or  conflicting  —  The  Virginia  Journal  of  Science  will  include  a 
section  entitled  “Letters”  commencing  in  the  January  1966  issue.  All 
such  communications  should  be  addresed  to  the  Editor  and  signed.  Pub¬ 
lication  is  with  the  understanding  that  they  reflect  the  views  of  the 
individuals  or  groups  submitting  them  and  are  not  necessarily  the  views 
of  the  Academy  or  the  institutions  with  which  the  correspondents  are 
affiliated.  Consideration  will  also  be  given  to  the  publication  of  an¬ 
nouncements  of  items  of  general  interest  to  members  of  the  Academy. 

Paul  B.  Siegel 
Editor 
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COME  ON  DOWN 

AND  LET  US  SPOIL  YOU! 


This  year,  make  it  a  real  vacation  — 
all  rest,  relaxation,  fun!  Swim  in  indoor 
and  outdoor  salt  water  pools.  Sun  bathe. 
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Williamsburg,  Yorktown,  Jamestown. 
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the  Chesapeake  Bay.  Watch  the  big  ships 
go  by.  Bask  in  the  glow  of  warm,  personal 
attention  that  anticipates  your  every  wish. 


Frankly,  now.  Isn’t  it  time  you  were 
spoiled  a  little?  Then  come  on  down!  Have 
a  breeze-swept,  sun-kissed,  star-spangled 
vacation  at  the  spacious,  gracious  Hotel 
Chamberlin! 

BEAUTIFUL  ROOMS  AT  REASONABLE 
RATES  /  AMPLE  FREE  PARKING 
/  FREE  ICE  CHESTS  ON  EVERY  FLOOR 
/  CHILDREN  FREE  ON  FAMILY  PLAN 
/  SUPERVISED  PLAY  AREAS  /  BABY- 
SITTERS  /  MOVIES  EVERY  NIGHT 


Virginia's  Largest  Seaside  Resort— 300  Rooms 
(Exit  5,  Interstate  64)  Old  Point  Comfort,  Fort  Monroe,  Virginia 
Member  Hotel  Phone  PArk  3-6511 

The  John  Marshall 
The  Richmond 

The  William  Byrd  Motor  Hotel  j 
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put  back  the  taste  others  take  away 
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From  WELCH ...  for  Automatic  Teaching . . . 

The  AUTOTUTOR®  Mark  II 


Offers 
Complete 
Control 
over  the 

Learner 

•  •  • 

Simplifies 
and  Speeds 
Teaching 


Has  Wide  Provision  for  Individual  Differences 

The  AutoTutor  Teaching  Machine  projects  selected  study  programs  in  controlled  sequence 
on  an  illuminated  screen.  Each  frame  presents  basic  information,  followed  by  a  multiple- 
choice  question.  If  the  student  answers  correctly  by  pushing  the  right  key  at  the  side  of 
the  screen,  the  next  study  frame  is  projected,  followed  by  the  next  question.  If  the  wrong 
answer  is  given,  the  student  is  presented  a  review  frame  with  a  simpler  explanation  of  the 
problem.  When  his  answer  shows  that  he  has  grasped  the  lesson,  the  machine  presents 
the  new  study  unit. 

•  Minimum  supervision  required.  Student  can  work  alone. 

•  Each  pupil  proceeds  at  his  own  best  pace. 

•  Slow  learners  receive  remedial  assistance. 

•  Better  students  gain  enrichment. 

•  Good  students  are  not  held  back  by  slower  ones. 

The  teacher  is  freed  from  repetitious  instruction.  Monitors  can  be  assigned  to  supervise 
large  groups,  permitting  the  teacher  to  complete  other  tasks.  She  can  still  be  sure  that 
each  student  has  been  exposed  to  correct  instructions — that  his  errors  have  been  revealed 
to  him  and  corrected — and  that  errors  have  been  recorded  for  evaluation  later. 

TUTORFILMS  ARE  NOW  AVAILABLE  FOR  TEACHING  PROGRAMS  IN 


SCIENCE  •  MATHEMATICS  •  ENGLISH 
COMMERCE  •  WRITING  •  COMPUTERS 
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MEDICAL  SCIENCES.  L.  Levine,  Chairman;  E.  R.  Berry,  Secretary; 
E.  S.  Higgins,  Editor. 
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PSYCHOLOGY.  A.  E.  Grigg,  Chairman;  G.  W.  Kent,  Secretary;  W.  H. 
Leftwich,  Editor. 

SCIENCE  TEACHERS.  Martha  L.  Walsh,  Chairman;  Mary  Hayes,  Vice- 
chairman;  J.  E.  Williams,  Secretary;  T.  W.  Doggins,  Editor. 

STATISTICS.  W.  Cobb,  Chairman;  R.  H.  Myers,  Secretary;  C.  Y.  Kramer, 
Editor. 


CONSTITUTION  OF  THE  VIRGINIA  ACADEMY  OF  SCIENCE  * 
ARTICLE  1:  NAME 

The  name  of  the  organization  shall  be  the  Virginia  Academy  of  Science. 
ARTICLE  2:  PURPOSES 

The  purposes  of  this  organization  shall  be  to  encourage  scientific  re¬ 
search  in  Virginia  and  to  arouse  interest  in  and  appreciation  of  science 
among  the  people  of  the  State. 

(a)  To  discover,  encourage  and  develop  scientific  interest  and  ability 
among  the  youth  of  the  State  by  a  Junior  Academy  of  Science,  by 
science  clubs,  by  science  talent  searches  and  by  other  means. 

(b)  To  facilitate  prompt  publication  of  acceptable  scientific  papers 
and  abstracts. 

(c)  To  cooperate  insofar  as  practicable  with  industries  in  their  scien¬ 
tific  problems  and  with  other  scientific  organizations  having  aims 
similar  to  this  organization. 

(d)  To  cooperate  with  those  in  charge  of  the  Virginia  State  Science 
Museum  and  the  Virginia  Institute  for  Scientific  Research. 

(e)  To  lender  public  service  in  scientific  matters. 

(f)  To  hold  meetings  of  the  Junior  and  Senior  Academies  for  the 
better  acquaintance  of  those  interested  in  all  branches  of  science 
in  Virginia. 

ARTICLE  3:  MEMBERS 

Section  1.  There  shall  be  eight  classes  of  members:  regular,  student, 
contributing,  sustaining,  life,  patron,  honorary  life  and  busi¬ 
ness. 


*  Includes  all  revisions  through  Academy  Conference  May  6,  1965  to  constitution  adopted 
at  Roanoke,  Virginia,  May  1,  1950  (Academy  Proceedings  1949-1950,  page  308). 
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Section  2.  The  dues  of  the  first  four  classes  of  members  are  payable 
annually  in  the  amounts  specified  in  the  by-laws. 

Section  3.  Life  members  shall  consist  of  members  who,  by  paying  the 
sum  of  one  hundred  dollars  ($100.00),  are  exempt  from  pay¬ 
ment  of  further  dues. 

Section  4.  Patrons  shall  consist  of  those  persons  who  have  given  to 
this  organization  the  sum  of  one  thousand  dollars  ($1,000.00) 
or  its  equivalent  in  property.  They  shall  have  all  the  rights 
and  privileges  of  regular  members  and  shall  be  exempt  from 
dues.  An  institution  may  also  become  a  patron  by  meeting 
the  above  requirements.  Its  representative  shall  have  all  the 
rights  and  privileges  of  regular  members. 

Section  5.  Honorary  life  members  shall  consist  of  persons  elected  by  the 
Council  for  long  and  distinguished  service  to  science  in  this 
organization  and  others  no  matter  where  located.  They  shall 
have  all  the  rights  and  privileges  of  regular  members  and 
shall  be  exempt  from  dues. 

Section  6.  Business  or  industrial  organizations,  which  pay  dues  of  $100.00 
annually,  shall  be  Business  Members  of  the  Academy.  Such 
dues  will  be  used  as  directed  by  the  Council. 

ARTICLE  4:  ELECTION  OF  MEMBERS 

Members  of  all  classes  except  honorary  life  must  be  accredited  by 

the  Secretary,  or  the  Treasurer,  or  the  Council  of  the  Academy.  See  Arti¬ 
cle  3,  Section  5,  concerning  honorary  life  membership. 

ARTICLE  5:  OFFICERS 

The  officers  of  this  organization  shall  consist  of  a  President,  a  Presi¬ 
dent-elect,  a  Secretary,  and  a  Treasurer. 

ARTICLE  6:  COUNCIL 


The  executive  body  of  this  organization  shall  be  known  as  the  Coun¬ 
cil.  It  shall  be  composed  of  the  President,  the  President-elect,  the  Sec¬ 
retary,  the  Treasurer,  the  three  most  recent  Past  Presidents,  and  one 
member  elected  by  each  Section  of  the  Academy.  The  members  from 
the  several  Sections  shall  be  elected  for  three  year  terms,  on  a  rotational 
basis  among  Sections.  In  addition  to  the  above  listed  members  the  fol¬ 
lowing  shall  be  ex-officio  members  of  the  Council:  (1)  the  Editor  of 
the  Journal,  (2)  the  Chairman  of  the  Long  Range  Planning  Committee, 
(3)  the  Chairman  of  the  Research  Committee,  (4)  the  Chairman  of  the 
Committee  for  the  Junior  Academy  of  Science,  (5)  the  Chairman  of  the 
Board  of  Trustees,  (6)  the  Chairman  of  the  Membership  Committee,  and 
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(7)  the  Chairman  of  the  Finance  and  Endowment  Committee.  In  case 
of  death  or  other  unforeseen  interruption  of  this  routine,  the  President 
shall  make  interim  appointments  until  the  next  election  is  held. 

ARTICLE  7:  DUTIES  OF  THE  COUNCIL 

1.  The  Council  shall  have  charge  of  the  policy  of  this  organiza¬ 
tion  and  its  funds. 

2.  The  Council  shall  supervise  the  publication  of  the  Academy 
Journal,  including  the  appointment  of  the  Editor,  Associate  Editor,  Man¬ 
aging  Editor  and  Advertising  Manager.  The  term  of  office  of  each  shall 
be  set  by  the  Council. 

3.  The  Council  may  establish  the  office  of  Executive  Secretary- 
Treasurer,  and  employ  such  personnel  as  may  be  required.  The  term 
of  office,  the  duties  of  the  office,  and  the  remuneration  shall  be  prescribed 
by  the  Council. 

ARTICLE  8:  ELECTION  OF  OFFICERS  AND  COUNCIL  MEM¬ 
BERS 

A  Nominating  Committee,  appointed  by  the  President,  usually  con¬ 
sisting  of  the  three  immediate  Past  Presidents,  shall  submit  to  the  annual 
meeting,  nominations  for  President-elect,  Secretary  and  Treasurer.  Nomi¬ 
nations  from  the  floor  shall  be  in  order.  These  officers  shall  be  elected 
annually  by  the  membership.  The  President  may  not  succeed  himself. 

ARTICLE  9:  SECTIONS  AND  AFFILIATED  CHAPTERS 

Section  1.  Any  group  of  members  may,  with  the  approval  of  the  Coun¬ 
cil,  organize  as  a  separate  Section.  Such  a  Section  shall 
become  established  after  it  has  conducted  one  successful  pro¬ 
gram  at  an  annual  meeting.  Any  established  Section  which 
fails  to  conduct  a  program  for  two  successive  annual  meet¬ 
ings  may  be  dropped  as  a  Section  by  action  of  the  Coun¬ 
cil.  Such  a  Section  may  be  reestablished  by  the  Council 
after  it  has  conducted  one  successful  program  at  an  annual 
meeting.  If  any  Section  shall  plan  to  adopt  a  constitution 
and  by-laws,  they  must  be  approved  by  the  Council  prior 
to  adoption  by  the  Section. 

Section  2.  Any  group  of  members  may,  with  the  approval  of  the  Coun¬ 
cil,  organize  Affiliated  Chapters  wherever  deemed  necessary. 
Each  new  Chapter’s  constitution  and  by-laws  must  be  ap¬ 
proved  by  the  Council  prior  to  its  official  affiliation  with 
this  organization.  Any  amendments  subsequent  to  affilia¬ 
tion  must  also  be  approved. 
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ARTICLE  10:  MEETINGS 


The  annual  meeting  of  this  organization  shall  be  held  on  the  first 
or  second  Thursday,  Friday,  and  Saturday  of  May  in  each  year  at  a  place 
selected  by  the  membership.  The  Council  shall  decide  whether  the  annual 
meeting  shall  be  held  the  first,  or  second  Thursday,  Friday  and  Saturday 
in  May  and  shall  arrange  for  any  special  meetings  deemed  necessary. 


ARTICLE  11:  RUSINESS 

Section  1.  Forty  members  of  this  organization  shall  constitute  a  quorum 
for  the  transaction  of  business  at  regular  and  special  meetings. 
Seven  members  shall  constitute  a  quorum  for  the  transaction 
of  business  by  the  Council.  No  votes  by  proxy  shall  be  cast 
at  any  meeting. 

Section  2.  The  fiscal  year  of  this  organization  shall  be  from  January  1 
to  December  31. 


Section  3.  The  parliamentary  procedure  of  this  organization  shall  be 
governed  by  Robert’s  Rules  of  Order,  Revised. 

Section  4.  This  constitution  may  be  changed  or  amended  at  any  meet¬ 
ing  of  the  Council  by  a  two-thirds  majority  of  those  present, 
subject  to  approval  of  the  annual  Academy  Conference,  pro¬ 
vided  due  notice  of  such  proposed  change  has  been  pub¬ 
lished  in  The  Virginia  Journal  of  Science  or  furnished  in 
writing  to  the  members  prior  to  such  annual  meeting.  The 
Council  members  shall  be  notified  in  writing  thirty  days  prior 
to  a  Council  Meeting  of  all  contemplated  changes  to  be  pro¬ 
posed  at  the  meeting. 


BY-LAWS  OF  THE  VIRGINIA  ACADEMY  OF  SCIENCE* 
SECTION  1:  ANNUAL  DUES 

(1)  The  annual  dues  of  regular  members  shall  be  five  dollars  ($5.00). 

(2)  The  annual  dues  of  student  members  shall  be  two  dollars  ($2.00) 
payable  by  July  1  of  each  year  in  advance  and  for  which  they 
receive  THE  VIRGINIA  JOURNAL  OF  SCIENCE  for  that  year. 
The  sum  of  $1.25  of  the  $2.00  student  dues  shall  go  to  THE 
VIRGINIA  JOURNAL  OF  SCIENCE  to  cover  the  cost  of  stu¬ 
dent  subscription. 


*  Includes  all  revisions  through  Academy  Conference,  May  6,  1965  to  by-laws  approved  May 
11,  1950,  at  Roanoke,  Virginia  (Academy  Proceedings  1949-1950,  page  311). 
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(3)  Members  who  pay  annual  dues  of  ten  dollars  ($10.00)  shall  be 
designated  Contributing  Members. 

(4)  Members  and  institutions  which  pay  annual  dues  of  twenty-five 
dollars  ($25.00)  or  more  shall  be  designated  Sustaining  Mem¬ 
bers. 

(5)  A  Regular,  Student,  Contributing  or  Sustaining  Member  in  good 
standing  must  not  be  in  arrears  in  dues  for  more  than  one  year. 
Any  such  member  not  in  good  standing  because  of  non-payment 
of  dues  may  be  reinstated  upon  payment  of  dues  in  arrears. 


SECTION  2:  DUTIES  OF  OFFICERS 


(1) 

(2) 


(3) 


(4) 


The  President  shall  be  the  directing  head  of  the  Academy,  shall 
preside  at  business  meetings  and  general  sessions  of  the  organ¬ 
ization,  and  shall  appoint  the  members  of  the  standing  com¬ 
mittees  and  of  new  committees  authorized  by  the  Council. 

The  President-Elect  shall  assist  the  President  as  mutually  agreed 
between  them,  and  shall  serve  as  president  in  the  latter's  absence. 
He  shall  furnish  the  Academy  at  its  annual  business  meeting 
with  a  list  of  committee  memberships  which  he  has  set  up  to 
assist  him  during  his  year  as  President. 

The  Secretary  shall  be  responsible  for  the  following: 

A.  Keeping  a  complete  record  of  each  annual  meeting  and  of 
other  meetings  held  during  the  year  by  the  Council. 

B.  Preparing  a  report  of  the  proceedings  of  these  meetings  for 
publication. 

The  Treasurer  shall  be  responsible  for  the  following: 


A.  Keeping  the  membership  lists  of  the  Academy  in  up-to-date 
fashion. 


B.  Supplying  the  Secretary  and  Managing-Editor  of  the  JOUR¬ 
NAL  with  the  names  of  all  new  members  and  on  January 
1  of  each  year  with  the  list  of  all  members  whose  dues  are 
paid  by  that  date. 

C.  Receiving  and  disbursing  all  funds,  except  as  provided  under 
Section  5,  (2),  as  directed  by  the  Council  and  approved  by 
the  President  or  Chairman  of  the  Finance  Committee. 


D.  Submitting  at  the  annual  meeting  a  written  report  of  all 
receipts  and  disbursements.  His  annual  report  shall  be  ac¬ 
companied  by  an  audit  by  a  recognized  public  accountant. 


^Includes  all  revisions  through  academy  conference.  May  6,  1965  to  by-laws  approved 
May  11,  1950,  at  Roanoke,  Virginia  (Academy  Proceedings  1949-1950,  page  311). 
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E.  Furnishing  quarterly  financial  summaries  to  the  officers,  to 
members  of  the  Council,  and  to  members  of  the  Finance 
Committee. 

F.  Reporting  annually  a  budget  for  Academy  operation  to  be 
presented  to  the  Finance  Committee  for  review. 

The  Treasurer  shall  be  adequately  bonded. 

(5)  Officers  shall  serve  ex-officio  on  all  committees  of  the  Academy. 

SECTION  3:  REMUNERATION  OF  ELECTED  OFFICERS 

The  elected  officers  shall  serve  without  renumeration. 

SECTION  4:  OFFICIAL  REPRESENTATION  OF  THE  ACADEMY 

Where  official  representation  of  the  Academy  is  desirable  the  Pres¬ 
ident  or  his  delegates  shall  represent  the  Academy.  No  officer  or  other 
Academy  member  shall  receive  reimbursement  from  Academy  funds  for 
such  purposes,  except  that  actual  expenses  of  the  Academy  representa¬ 
tives  in  attending  the  annual  meeting  of  the  American  Association  for 
the  Advancement  of  Science  may  be  paid,  subject  to  the  funds  provided 
in  the  budget  by  the  Finance  Committee. 

SECTION  5:  THE  VIRGINIA  JOURNAL  OF  SCIENCE 

(1)  THE  VIRGINIA  JOURNAL  OF  SCIENCE  shall  be  the  official 
publication  of  the  Virginia  Academy  of  Science,  and  as  such 
shall  carry  approved  articles  summarizing  scientific  research  work, 
appropriate  news  items  (in  as  restricted  a  space  as  feasible), 
most  announcements  to  the  membership  concerning  Academy 
activities,  and  the  Program  for,  and  the  Proceedings  of,  the 
Annual  Meeting  of  the  Academy. 

(2)  For  each  dues-paying  Member,  except  Student  Members,  two 
dollars  ($2.00)  shall  be  turned  over  to  the  JOURNAL  each 
year.  When  members  in  arrears  pay  back  dues,  two  dollars 
($2.00)  shall  go  to  the  JOURNAL  for  each  year  in  which  the 
Member  has  been  supplied  with  issues  of  the  JOURNAL  while 
in  arrears.  All  monies  accruable  entirely  to  the  JOURNAL  (such 
as  subscriptions  without  memberships,  advertisement  revenues, 
exchange  fees,  gifts  etc.  shall  be  collectable  by  and  paid 
directly  to  the  JOURNAL.  The  JOURNAL  shall  finance  itself 
from  the  above-mentioned  amounts,  and  from  such  other  sources 
as  become  available,  and  shall  set  aside  such  sums  as  possible 
for  any  future  contingencies. 

(3)  All  members  shall  receive  the  issues  of  the  JOURNAL.  Sub- 
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scrip tions  to  the  Academy  JOURNAL  will  be  discontinued  for 
those  Student,  Regular,  Contributing,  or  Sustaining  Members 
who  have  not  paid  their  dues  by  January  1  of  each  year. 

(4)  The  staff  shall  be  composed  of  an  Editor,  an  Associate  Editor, 
Managing  Editor,  and  an  Advertising  Manager,  all  elected  by 
the  Council,  and  of  Section  Editors,  with  one  representative 
known  as  Section  Editor  elected  from  and  by  each  of  the  Acad¬ 
emy’s  Sections.  All  members  of  the  staff  shall  be  elected 
for  terms  of  five  years.  In  case  of  vacancies  due  to  retire¬ 
ments,  deaths,  or  other  reasons,  the  positions  shall  be  tempo¬ 
rarily  filled  by  the  Council,  from  recommendations  furnished  by 
the  Editorial  Staff,  until  the  time  of  the  next  Annual  Meeting, 
at  which  time  the  positions  shall  be  filled  for  the  remainder 
of  the  unexpired  terms  by  the  groups  responsible  for  the  origi¬ 
nal  appointments. 

(5)  The  Editor  shall  receive  all  materials  for  the  JOURNAL,  shall 
send  scientific  articles  to  the  appropriate  Sectional  Editors  for  ref¬ 
ereeing,  shall  act  as  a  referee  himself,  and  shall  edit  all  mate¬ 
rial  published  in  the  JOURNAL. 

The  Associate  Editor  shall  aid  the  Editor  in  preparing  materials 
for  the  JOURNAL  and  in  correcting  proofs. 

The  Managing  Editor  shall  keep  mailing  lists  that  are  up-to-date, 
shall  mail  all  Journals  including  Proceedings,  shall  keep  financial 
accounts  on  the  JOURNAL,  shall  pay  all  bills  and  care  for  all 
business,  including  an  annual  audit  of  Books  of  the  JOURNAL 
subject  to  the  regulations  and  approval  of  the  Academy  Council. 
The  Advertising  Manager  shall  be  responsible  for  securing  the 
proper  amount  and  type  of  advertising  material  for  the  JOURNAL, 
and  shall  be  responsible  to  the  Managing  Editor. 

The  Sectional  Editors  shall  aid  the  Editor  and  Associate  Editor 
in  refereeing,  and  in  securing  additional  referees  for  scientific 
articles  within  their  respective  fields;  in  preparing  proper  an¬ 
nouncements  and  news  items  for  the  JOURNAL;  and  in  such 
other  ways  as  may  be  advantageous. 

(6)  No  staff  member  of  the  JOURNAL  shall  receive  remuneration 
for  either  work  or  travel,  but  shall  be  supplied  with  such  mate¬ 
rials  as  are  used  in  the  way  of  stationery,  postage  and  similar 
items. 

SECTION  6:  COMMITTEES 

(1)  The  President,  the  President-elect,  the  Secretary,  and  the  Treas- 
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urer  shall  comprise  the  Executive  Committee  of  the  Council. 
The  Executive  Committee  shall  conduct  essential  Academy  busi¬ 
ness  between  meetings  of  the  Council. 

(2)  The  research  Committee  shall  be  composed  of  five  members, 
each  appointed  for  a  term  of  five  years.  One  new  member  shall 
be  appointed  each  year  by  the  President  to  replace  the  member 
whose  term  will  expire.  The  senior  member  of  the  Committee 
shall  serve  as  Chairman. 

(3)  The  Council  shall  have  the  right  to  establish  other  appropriate 
standing  Committees,  and  such  special  Committees  as,  and  when, 
needed. 

SECTION  7:  CHANGES  IN  THESE  BY-LAWS 

These  by-laws  may  be  changed  or  amended  at  any  meeting  of  the 
Council  by  two-thirds  majority  of  those  present,  subject  to  approval  of 
the  Annual  Academy  Conference  provided  due  notice  of  such  proposed 
change  has  been  published  in  the  Virginia  Journal  of  Science  or  furnished 
in  writing  to  the  members  prior  to  such  annual  meeting.  The  Council 
members  shall  be  notified  in  writing  thirty  days  prior  to  a  Council  Meet¬ 
ing  of  all  contemplated  changes  to  be  proposed  at  that  meeting. 


MINUTES  OF  COUNCIL  MEETING 
Virginia  Academy  of  Science 

Madison  Hall,  University  of  Virginia 
March  14,  1965 

The  meeting  was  called  to  order  by  President  Obenshain  at  10:00 
a.m.  The  following  were  present:  L.  D.  Abbott,  Jr.,  R.  C.  Berry,  L.  C. 
Bird,  Isabel  Boggs,  J.  L.  Calver,  J.  F.  Eckel,  Susie  V.  Floyd,  J.  C.  Forbes, 
J.  M.  Grayson,  P.  A.  Hansen,  B.  H.  Harshbarger,  R.  D.  Hughes,  F.  D. 
Kizer,  H.  McKennis,  S.  S.  Obenshain,  E.  W.  Ramsey,  L.  S.  Reid,  M.  B. 
Rowe,  R,  J.  Rowlett,  Jr.,  E.  V.  Russell,  Jr.,  P.  B.  Siegel,  F.  F.  Smith, 
W.  E.  Trout,  Jr.,  E.  F.  Turner,  Jr.,  W.  B.  Wartman,  Jr.,  and  E.  L.  Wis- 
man. 

Minutes  of  the  Council  meeting  of  October  18,  1964,  were  approved 
as  previously  distributed  with  one  minor  revision.  The  President  ex¬ 
pressed  appreciation  for  the  large  number  of  Council  members  present 
and  commended  each  for  his  faithfulness  to  the  Virginia  Academy. 

President-Elect  Hughes  reported  a  proposal  had  been  submitted  to 
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NSF  for  $5,000  to  support  a  Visiting  Scientist  Program  in  Virginia  dur¬ 
ing  1965-66.  He  expressed  belief  that  such  a  program  will  be  worth¬ 
while  and  useful.  It  will  be  under  the  direction  of  Col.  Heflin  who  is 
retiring  from  the  VMI  Physics  Department.  Colonel  Heflin  will  be  in 
close  communication  with  the  Junior  Academy  program. 

Mr.  Berry,  Executive  Secretary-Treasurer,  described  the  recent  Mont¬ 
real  AAAS  meeting,  which  he  attended  with  Foley  Smith,  and  said  he 
came  away  with  the  feeling  that  the  VAS  is,  man  for  man,  the  equal 
of  any  State  Academy.  He  announced  the  receipt  since  January  1,  1965, 
of  119  new  members  and  3  new  business  members.  As  of  today,  some 
300  members  have  not  paid  1965  dues,  a  somewhat  larger  number  than 
last  year.  He  reported  completion  of  the  annual  audit  and  its  review 
by  the  Finance  Committee. 

Treasurer  Wartman,  summarized  his  report,  already  sent  to  all  Coun¬ 
cil  members;  1964  revenue  receipts  exceeded  operating  disbursements 
by  $522.74;  the  cash  balance  as  of  December  31,  1964,  was  $5,260.87. 

Mr.  Rowe,  Chairman  for  1965  Local  Arrangements,  declared  that 
a  good  program  has  been  planned  with  all  meetings  under  one  roof  at 
the  John  Marshall  Hotel  in  Richmond.  He  reported  some  rate  conces¬ 
sions  have  been  obtained  for  Juniors;  Seniors  will  pay  regular  conven¬ 
tion  rates.  This  was  the  very  best  that  could  be  wrung  from  the  Hotel. 
Dr.  Harshbarger  asked  the  Committee  to  see  if  college  students  could 
get  the  lower  rate.  Mr.  Rowe  pointed  out  that  the  VAS  has  committed 
itself  to  350  rooms  at  the  John  Marshall  in  return  for  which  the  Hotel 
is  not  charging  for  the  use  of  the  many  meeting  rooms.  He  urged 
VAS  members  to  use  the  Hotel  and  thus  do  a  service  for  the  Academy. 

Mr.  Berry  stated  that  increased  requirements  for  meeting  rooms  for 
the  Junior  and  Senior  programs  are  limiting  the  choice  of  future  meeting 
sites.  Currently  the  Juniors  need  17  meeting  rooms  on  Wednesday  and 
Thursday  and  the  Seniors  require  15  rooms  on  Friday.  Dr.  Siegel  sug¬ 
gested  consideration  of  having  the  annual  meeting  during  the  summer 
months  when  a  college  campus  may  be  available. 

Place  of  Meetings  Chairman,  Grayson,  reviewed  future  meeting 
places  already  selected  and  said  his  committee  was  charged  with  selec¬ 
tion  of  meeting  places  for  1968  and  1969.  He  announced  the  receipt 
of  invitations  from  Hollins  College,  Roanoke  College  and  VPI  for  the 
May  8-11,  1968,  meeting  to  be  held  in  the  Hotel  Roanoke;  and  from 
Mary  Washington  College  of  the  University  of  Virginia  for  the  1969 
meeting  to  be  held  in  Fredericksburg.  Adequate  housing  will  be  avail¬ 
able  in  the  Fredericksburg  area  by  that  date.  Dr.  Wisman  objected 
strenuously  to  the  Hotel  Roanoke  and  he  was  supported  by  several  mem¬ 
bers  of  Council.  Mr.  Berry  asked  if  the  committee  had  discussed  hotel 
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rates  and  urged  that  this  be  done  before  commitments  were  made.  After 
considerable  discussion  Council  voted  to  accept  the  report  and  asked 
the  committee  to  again  study  accommodations  at  Hotel  Roanoke  and  report 
on  their  findings  at  the  next  Council  meeting. 

Mr.  Kizer  reported  for  the  Membership  Committee.  During  this 
fiscal  year  222  new  members  have  been  obtained;  69  of  these  came  as 

a  result  of  forms  sent  out  with  ‘‘recommended  by  . ”.  This 

technique  will  be  continued.  Total  Academy  membership  has  reached 
1328  but  there  is  still  a  potential  membership  of  10,000  including  science 
teachers.  He  recommended  that  Council  consider  additional  VAS  bro¬ 
chures  for  new-member  solicitation.  This  was  referred  to  the  Executive 
Secretary-Treasurer  who  reported  he  had  distributed  2500  more  bro¬ 
chures  this  year  than  last. 

Senator  Bird  reported  on  his  committee’s  increased  efforts  to  obtain 
business  members.  There  are  now  23  business  member,  3  new  ones  hav¬ 
ing  just  joined.  He  stated  that  President-Elect  Hughes  planned  a  vigorous 
campaign  in  1965-66  and  that  an  Advisory  Business  Membership  Com¬ 
mittee  was  being  formed  from  influential  business  leaders  throughout 
the  State.  He  hoped  its  membership  could  be  announced  soon. 

Finance  Committee  Chairman  Harshbarger  summarized  his  formal 
report  which  was  distributed  to  Council.  The  estimated  income  for  1965- 
66  is  $12,540  with  an  estimated  expense  of  $14,039.  He  stressed  the 
need  for  incerased  revenue  and  moved  the  adoption  of  the  following 
recommendation  of  the  Finance  Committee:  that  Section  1,  Parts  (1), 
(3),  and  (4)  of  the  VAS  By  Laws  be  revised  in  order  to  raise  the  annual 
dues  in  the  following  manner:  regular  members  from  $3.00  to  $5.00; 
contributing  members  from  $5.00  to  $10.00;  and  sustaining  members 
from  $10.00  to  $25.00;  no  change  in  student  dues;  and  such  changes  to 
be  effective  with  the  beginning  of  1966.  There  was  considerable,  lengthy 
discussion.  Dr.  Forbes  pointed  out  the  plight  of  secondary  school  teach¬ 
ers.  A  motion  was  made  to  amend  the  recommendation  to  add  another 
category  for  secondary  school  teachers  with  dues  of  $3.50  per  year.  The 
amendment  was  seconded  and  adopted.  Thereafter,  the  recommendation 
of  the  Finance  Committee  was  approved  and  passed  to  the  Committee  on 
Constitution  and  By-Laws  for  proper  action. 

Dr.  Harshbarger  reported  also  for  the  Research  Committee.  Five 
grants  totalling  $1,200  have  been  made  during  the  year.  A  scientific 
society  outside  of  Virginia  has  consented  to  evaluate  papers  submitted 
for  the  Horsley  Award  and  this  method  will  be  tried  for  the  1965  Award. 

Dr.  Wisman  briefly  reviewed  the  past  six  months  activities  for  the 
Junior  Academy.  He  has  made  recommendations  to  the  President-Elect 
concerning  slight  changes  in  his  Committee.  The  NSF  Grant  renewal 
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is  still  pending.  Of  the  15  students  selected  to  present  papers  at  the 
national  meeting,  two  were  from  Virginia;  and  they  were  two  of  five 
picked  for  a  second  special  meeting.  He  announced  that  the  Catesby 
Jones  Award  would  not  be  given  this  year.  President  Obenshain  express¬ 
ed  the  hope  that  more  Senior  Academy  members  would  attend  and  take 
part  in  the  Junior  Program. 

Professor  Russell  described  his  activities  in  the  Science  Talent  Search. 
He  said  that  Virginia  had  15  students  in  the  Honor  group;  they  came 
from  11  high  schools;  but  only  one  survived  into  the  winner’s  group. 
Mr.  Berry  asked  for  a  written  report  from  this  Committee  to  take  to 
the  next  national  AAAS  meeting. 

The  report  of  the  Virginia  Flora  committee  was  accepted  by  the 
President  with  its  recommendation  to  appoint  a  new  Chairman. 

Senator  Bird  recommended  for  the  Awards  Committee  that  the  1965 
Ivey  F.  Lewis  Distinguished  Service  Award  be  made  to  Dr.  H.  R.  Han- 
mer,  formerly  Vice  President  and  Director  of  Research  for  the  American 
Tobacco  Company,  and  currently  President  of  the  Virginia  Institute  for 
Scientific  Research.  This  motion  was  seconded  and  approved  unani¬ 
mously. 

Senator  Bird  also  imported  for  the  Trustees  and  recommended  that 
the  position  of  First  and  Merchants  National  Bank  be  clarified  with  respect 
to  their  right  to  buy  and  sell  stock  held  in  the  VAS  Trust  Account.  Dr. 
Harshbarger  moved  that  Council  give  the  Bank  authority,  with  approval 
of  the  Trustees,  to  sell  investment  stock  and  to  hold  funds  from  such 
sale  until  they  wished  to  reinvest  said  funds.  This  motion  was  seconded 
and  approved.  Mr.  Berry  suggested  that  the  original  trust  agreement  be 
reviewed  by  the  Trustees  to  learn  if  it  is  still  current,  in  line  with  the 
present  VAS  organization. 

Dr.  Forbes  described  enthusiastically  the  Science  Education  Com¬ 
mittee’s  forthcoming  symposium  on  Saturday,  May  8,  and  urged  all  Sec¬ 
tion  Chairmen  to  stress  this  symposium  several  times  during  their  pro¬ 
grams.  He  asked  for  clarification  on  registration  for  this  Saturday  sym¬ 
posium.  Council  agreed  that  the  public  is  invited  to  the  symposium 
without  charge  and  no  registration  effort  will  be  made  for  this  particular 
meeting. 

The  Editor  of  the  Journal,  Dr.  Siegel,  stated  that  the  program  issue 
is  now  in  galley  stage  and  that  all  Sections  except  one  had  met  his  print¬ 
ing  deadline. 

Long  Range  Committee  Chairman,  McKennis,  said  he  would  mail  a 
formal  report  to  Council  and  had  nothing  to  discuss  at  this  time. 


1965] 


Proceedings  1964-1965 


271 


Miss  Boggs  reported  the  recent  receipt  of  new  material  for  the 
History  which  must  be  reviewed  and  evaluated.  She  also  stated  that 
the  original  write-ups  will  be  brought  up-to-date  before  publication. 

Natural  Resources  Chairman,  Ramsey,  had  no  formal  report  but 
urged  Academy  members  to  be  aware  of  the  progress  of  natural  resource 
programs  in  Virginia  and  he  asked  members  to  suggest  ways  for  the  VAS 
to  participate  in  such  programs. 

Constitution  and  By-Laws  Chairman  Wartman  reviewed  minor 
changes  approved  by  Council  in  October  1964  and  recommended  con¬ 
sideration  of  additional  changes  in  Section  8  of  the  Constitution  and 
Sections  4  and  6  of  the  By-Laws.  Great  discussion  ensued  particularly 
concerning  a  suggested  change  in  wording  having  to  do  with  VAS  rep¬ 
resentation  at  the  AAAS  meeting.  All  suggestions  were  again  referred 
to  the  Committee  for  final  consideration  and  for  preparation  of  a  mail¬ 
ing  to  the  entire  membership.  These  included  the  proposals  suggested 
by  the  Finance  Committee  concerning  increased  dues.  The  Committee 
is  to  assemble  all  proposed  changes  and  mail  to  the  entire  membership. 
Such  new  changes  will  be  considered  again  by  Council  on  the  afternoon 
of  May  6.  If  approved  at  that  time  the  suggested  changes  will  be  sub- 
mited  to  the  membership  at  the  Academy  Conference  on  the  night  of 
May  6. 

Dr.  Turner  moved  that  the  Finance  Committee  consider  the  estab¬ 
lishment  of  a  President’s  Fund  which  could  be  used  during  the  year  at 
the  discretion  of  the  President.  The  matter  was  referred  to  the  Finance 
Committee. 

After  a  few  brief  announcements  the  President  adjourned  the  meet¬ 
ing  at  1:20  p.m. 

Respectfully  submitted 

Russell  J.  Rowlett,  Jr.,  Secretary 


MINUTES  OF  COUNCIL  MEETING 
Virginia  Academy  of  Science 

John  Marshall  Hotel;  Richmond,  Virginia 
May  6,  1965 

The  meeting  was  called  to  order  by  President  Obenshain  at  2:00 
p.m.  The  following  were  present:  C.  W.  Allen,  L.  C.  Bird,  Isabel  Boggs, 
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Susie  V.  Flovd,  J.  C.  Forbes,  J.  McD.  Grayson,  P.  A.  Hansen,  B.  H. 
Harshbarger,  H.  H.  Hobbs,  R.  D.  Hughes,  G.  W.  Jeffers,  F.  D.  Kizer, 
H.  McKennis,  Jr.,  S.  S.  Obenshain,  L.  S.  Reid,  R.  J.  Rowlett,  Jr.,  E.  V. 
Russell,  Jr.,  P.  B.  Siegel,  F.  F.  Smith,  J.  J.  Taylor,  R.  L.  Taylor,  W.  E. 
Trout,  Jr.,  W.  B.  Wartman,  Jr.,  and  W.  S.  Woolcott. 

Minutes  of  the  last  Council  meeting  were  approved  as  distributed. 
The  President  pointed  out  that  this  meeting  was  a  preview  of  the  forth¬ 
coming  Academy  Conference  and  that  committee  reports  which  did  not 
differ  from  those  presented  before,  or  which  would  be  given  in  full  at 
the  Conference,  need  not  be  presented  here. 

Treasurer  Wartman  reviewed  his  last  report  to  Council  and  express¬ 
ed  his  appreciation  to  the  Executive  Secretary-Treasurer  for  his  verv  able 
work  during  the  past  year.  He  reported  a  cash  balance  as  of  May  1 
of  $8,422,  which  he  said  was  very  close  to  the  budget. 

Executive  Secretary-Treasurer  Berry  announced  that  245  new  mem¬ 
bers  had  been  added  since  the  last  annual  meeting  and  total  membership 
to  date  stood  at  1356;  169  of  these  were  unpaid.  He  said  members 
were  paving  their  dues  on  a  more  regular  basis  than  past  years.  He 
estimated  that  $3,200  would  be  available  during  the  coming  year  for 
allocation  by  the  Research  Committee. 

The  Treasurer  moved  that  $86  left  from  the  VISR  Building  Fund 
be  removed  as  an  asset  and  wiped  off  the  books.  This  motion  was 
seconded  and  unanimously  approved. 

Dr.  Harshbarger  reported  for  both  the  Research  and  Finance  Com¬ 
mittees.  Five  research  grants  were  made  during  the  year  and  are  hsted 
in  his  formal  report.  A  record  25  papers  were  submitted  for  the  J.  Shel¬ 
ton  Horsley  Research  Award  and  thev  were  will  distributed  geographi¬ 
cally  over  the  State.  As  Finance  Chairman,  he  stated  that  the  Academv 
lived  within  its  1964  budget.  For  1965  he  estimated  an  income  of 
$12,540  and  expenses  of  $14,039.  He  said  the  deficit  could  be  absorbed 
for  one  year  but  definitely  more  revenue  was  needed.  The  Finance 
Committee  recommended  a  dues  increase,  as  set  forth  at  the  last  Coun¬ 
cil  meeting,  and  as  proposed  in  the  Constitution  and  By-Law  changes 
to  be  considered  later  in  this  meeting.  The  President  pointed  out  he  had 
received  only  two  letters  and  three  phone  calls,  all  in  favor  of  the  pro¬ 
posed  increased  dues.  Motion  was  made  to  accept  the  Finance  report 
and  the  idea  of  increased  dues,  pending  specific  consideration  as  a  Con¬ 
stitution  and  By-Law  change.  The  motion  was  seconded  and  unanimously 
approved. 

Membership  Committee  Chairman  Kizer  announced  a  verbal  commit¬ 
ment  from  VPI  for  an  institutional  membership.  He  had  nothing  further 
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to  add  to  his  last  report.  The  Virginia  Journal  of  Science  had  nothing 
to  add  to  its  former  report. 

Chairman  Grayson  reported  for  the  Place  of  Meeting  Committee. 
He  and  Dr.  Harshbarger  revisited  the  Hotel  Roanoke,  as  directed  by 
Council,  and  were  given  every  assurance  by  the  Management  that  the 
1968  needs  of  the  Academy  could  be  adequately  met.  He  said  he  would 
recomemnd  Roanoke  to  the  Academy  for  the  1968  meeting. 

Dr.  Forbes  emphasized  the  Saturday  Conference  on  Post  High  School 
Technical  Education  adding  that  he  had  written  to  members  of  the  Leg¬ 
islature,  not  so  much  to  urge  their  attendance,  as  to  place  the  Academy 
before  them. 

Chairman  Russell  announced  45  invitations  sent  from  the  Science 
Talent  Search  Committee  to  Juniors  to  attend  the  current  meeting;  four 
could  not  attend  and  40  were  present  for  morning  interviews.  From 
the  latter  15  winners  were  to  be  selected. 

Miss  Boggs  reported  the  receipt  of  two  new  contributions  to  the 
Academy's  archives.  She  said  the  History  Committee  would  report  formal¬ 
ly  to  the  Conference. 

President-Elect  Hughes  declared  that  all  standing  committees  had 
been  appointed  except  Col.  Heflins'  on  the  Visiting  Scientists  Program. 
He  wanted  to  consult  further  with  Col.  Heflin.  He  announced  the  com¬ 
pletion  of  a  Business  Advisory  Committee  headed  by  Dr.  W.  P.  Boyer, 
V-C  Chemical  Co.,  whose  assignment  would  be  to  incerase  Academy 
business  memberships.  “This  committee  is  enthuiastic  and  will  get  good 
results,”  Dr.  Hughes  asserted. 

President  Obenshain  urged  Section  Councilors  to  represent  the  Coun¬ 
cil  to  their  Sections,  and  in  turn,  to  present  the  Section's  views  to  Coun¬ 
cil.  He  also  urged  that  afternoon  spots  be  reserved  on  each  Section’s 
program  for  the  winning  Junior  Academy  paper  in  that  particular  sub¬ 
ject.  He  stated  that  he  had  solicited  by  a  notice  in  the  Journal  individual 
member  suggestions  for  1966  nominations  for  the  offices  of  President- 
Elect,  Secretary,  and  Treasurer. 

At  the  suggestion  of  the  AAAS  and  other  State  Academies,  the  Sec¬ 
retary  presented  the  following  resolution  and  moved  its  adoption: 

“WHEREAS  the  United  States  Post  Office  Department  is  con¬ 
sidering  the  issuance  of  a  commemorative  stamp  on  28  July  1966 
to  observe  the  Centennial  of  the  legislation  which  made  the  Metric 
System  lawful  throughout  the  United  States  of  America,  and 

“WHEREAS  this  system  is  the  system  universally  used  in  all 
sciences, 
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“RESOLVED  that  the  Council  of  the  Virginia  Academy  of  Sci¬ 
ence  at  its  43rd  Annual  Meeting  in  Richmond,  Virginia,  May  6, 
1965,  endorses  the  proposed  stamp  and  instructs  the  Secretary  to 
so  notify  the  United  States  Post  Office  Department.” 

The  motion  to  adopt  the  Resolution  was  seconded  and  unanimously 
approved. 

Councilor  Woolcoot,  Biology,  reported  on  the  problem  of  research 
papers  in  the  general  field  of  molecular  biology.  Should  they  be  placed 
on  the  program  of  the  Biology  or  Medical  Science  Section?  He  ques¬ 
tioned  whether  a  committee  is  needed  to  sort  such  papers  for  future 
meetings.  After  discussion,  this  question  was  referred  to  the  President- 
Elect  and  to  the  1966  Program  Committee. 

Mr.  McCord,  Historian  for  the  State  Library,  requested  an  audience 
before  Council  and  reviewed  his  previous  appearance  in  Charlottesville, 
May  7,  1964,  at  which  time  he  pleaded  for  Academy  support  for  a  State 
Science  Museum.  He  presented  a  resolution  for  Council  consideration 
fully  endorsing  such  a  Museum  and  asking  for  significant  State  funds  for 
same.  He  was  reminded  of  Council’s  action  of  November  10,  1963,  which 
supported  the  idea  of  a  State  study  of  such  a  Museum  but  did  not  direct 
that  the  project  must  be  undertaken.  Mr.  McCord’s  resolution  was  lost 
for  want  of  a  second.  However,  Council  continued  to  indicate  its  inter¬ 
est  in  having  the  proper,  present  Legislative  Committee  study  the  gen¬ 
eral  idea  of  the  need  for  a  Museum.  Dr.  Harshbarger  moved  that  Coun¬ 
cil  consider  Mr.  McCord’s  resolution  in  due  course  and  take  action  later. 
This  motion  was  seconded  and  approved. 

Chairman  Wart  man  of  the  Constitution  and  By-Laws  Committee 
reviewed  the  proposed  changes  in  these  documents  as  sent  to  all  Academy 
members,  and  as  approved  at  the  last  Council  meeting.  He  pointed  out 
several  editorial  changes  which  had  been  made  since  the  last  meeting. 
Miss  Floyd,  and  several  Council  members  closely  associated  with  sec¬ 
ondary  school  teaching,  strongly  opposed  the  creation  of  a  special,  lower- 
dues  membership  classification  for  Secondary  School  Teachers.  After 
considerable  discussion,  a  motion  was  made,  seconded,  and  approved  to 
delete  from  the  proposed  Constitution  and  By-Law  changes  all  references 
to  a  special  class  of  members  to  be  known  as  Secondary  School  Teachers. 
The  Report  of  the  Committee  was  then  accepted  as  amended,  upon  mo¬ 
tion  duly  seconded  and  approved. 

The  meeting  was  adjourned  by  the  President  at  approximately  4:30 

p.m. 
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ACADEMY  CONFERENCE 
Virginia  Academy  of  Science 

John  Marshall  Hotel;  Richmond,  Virginia 
May  6,  1965 

President  Obenshain  declared  a  quorum  present  and  opened  the 
meeting  at  8:02  p.m.  Minutes  of  the  1964  Academy  Conference  were 
approved  as  printed  in  The  Journal. 

President-Elect  Hughes  reported  the  completion  of  committee  ap¬ 
pointments  and  again  emphasized  the  importance  of  the  new  Business 
Advisory  Committee  whose  prime  purpose  is  to  obtain  new  business 
members.  He  announced  the  creation  of  a  Visiting  Scientists  Program 
under  Col.  Heflin,  VMI,  to  be  supported  by  a  NSF  grant  and  allowing 
about  60  days  of  visits  by  qualified  college  professors  to  high  schools 
throughout  Virginia. 

The  President  expressed  appreciation  to  the  Local  Arrangements 
Committee  and  its  Chairman,  Maurice  B.  Rowe,  of  the  State  Department 
of  Agriculture.  He  called  on  Executive  Secretary-Treasurer  Berry  and 
Mr.  Foley  F.  Smith  to  give  highlights  of  their  trips  to  the  winter  AAAS 
meeting  in  Montreal. 

Finance  Chairman  Harshbarger  presented  his  report  (printed  else¬ 
where  in  this  issue)  the  proposed  budget,  and  his  Committee’s  reasons 
for  the  necessary  increase  in  dues.  The  budget  was  moved,  seconded 
and  approved.  He  recommended  that  all  increases  in  dues  go  into 
effect  with  payment  of  1966  dues,  although  they  may  be  paid  by  some 
during  1965.  Vote  on  the  dues  changes  was  postponed  until  the  report 
of  the  Constitution  and  By-Laws  Committee. 

Chairman  Grayson,  Place  of  Meetings  Committee,  reported  a  thor¬ 
ough  study  of  locations  for  annual  meetings  in  1968  and  1969  and  moved 
to  accept  the  invitations  of  VPI,  Roanoke  and  Hollins  Colleges  to  meet 
in  the  Hotel  Raonoke,  May  8-11,  1968;  and  the  invitation  from  Mary 
Washington  College  of  the  University  of  Virginia  to  meet  in  Fredericks¬ 
burg  in  May  1969.  His  motion  was  seconded  and  unanimously  approved. 

The  following  reports,  published  elsewhere  in  this  issue,  were  accept¬ 
ed  after  proper  motions,  and  seconds:  Treasurer,  Research  Committee, 
Finance  Committee,  Virginia  Journal  of  Science ,  Long-Range  Planning 
Committee,  Junior  Academy  Committee,  Virginia  Flora  Committee,  Awards 
Committee,  History  of  Science  Committe,  and  Natural  Resources  Com¬ 
mittee. 
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Dr.  Thompson,  Biology,  discussed  the  present  State  study  and  report 
on  the  certification  of  teachers.  He  moved  that  this  matter  be  brought 
before  Council,  by  former  President  Jack  Taylor  if  possible,  and  that 
Council  give  it  prompt  and  active  consideration  for  possible  Academy 
support.  This  motion  was  seconded  and  after  discussion  was  unanimously 
approved. 

President  Obenshain  recognized  Dr.  and  Mrs.  W.  W.  Scott,  cur¬ 
rently  with  NSF  in  Washington,  and  expressed  appreciation  for  Dr. 
Scott’s  past  service  to  the  Academy,  particularly  his  leadership  in  the 
Junior  Academy.  Dr.  Taylor  representing  the  AAAS  said  how  happy 
he  was  to  atend  the  Virginia  Academy  meeting  recognizing  the  fact  that 
he  is  proud  to  be  a  member  of  the  VAS. 

The  proposed  changes  in  the  Constitution  and  By-Laws  were  presented 
by  Chairman  Wartman.  His  report  is  published  elsewhere  in  this  issue 
and  the  completely  revised  documents  are  also  printed  herein.  He  moved 
the  adoption  of  the  revised  papers.  After  a  second,  and  discussion,  the 
proposed  changes,  as  submitted  to  the  membership,  and  amended  bv 
Council  earlier  todav,  were  unanimously  approved.  He  then  moved  to 
instruction  the  Executive  Secretary-Treasurer  to  charge  new  dues  to  any 
member  seeking  to  pay  1966  dues  in  advance.  The  motion  was  seconded 
and  approved. 

The  Executive  Secretary-Treasurer  emphasized  the  Exhibitors  and 
their  substantial  contributions  to  the  Academy.  He  also  urged  Section 
Councilors  and  Secretaries  to  get  everyone  attending  their  meetings  to 
register  bv  signing  the  books  which  he  had  distributed. 

President  Obenshain  urged  Councilors  to  seek  new  Academy  mem¬ 
bers.  He  emphasized  the  Friday  evening  lecture,  thanked  the  audience 
for  their  attention,  and  adjourned  the  meeting  at  9:50  p.m. 


43rd  ANNUAL  ACADEMY  ASSEMBLY 
Virginia  Academy  of  Science 

John  Marshall  Hotel,  Richmond,  Virginia 
May  7,  1965 

President  Obenshain  called  the  Assembly  to  order  at  8:00  p.m.  and 
welcomed  the  audience  to  the  43rd  Annual  Meeting.  Dean  R.  F.  Smart, 
University  of  Richmond,  presented  greetings  from  the  three  host  institu¬ 
tions,  University  of  Richmond,  Medical  College  of  Virginia,  and  Rich¬ 
mond  Professional  Institute. 
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Chairman  Harshbarger  of  the  Research  Committee  announced  that 
the  1965  J.  Shelton  Horsley  Research  Award  went  to  Dr.  Doris  Kuhlmann- 
Wilsdorf,  professor  of  engineering  physics  at  the  University  of  Virginia, 
for  her  paper  ‘‘Theory  of  the  Interaction  of  Vacanacies  with  Stress 
Fields  of  Metals.”  Honorable  mention  was  given  to  a  paper  by  L.  W. 
Murdock  and  C.  1.  Rich,  Department  of  Agronomy,  Virginia  Polytechnic 
Institute,  “Potassium  Availability  in  Nason  Soil  as  Influenced  by  Am¬ 
monium  and  Lime/’  He  presented  the  award  to  Dr.  Wilsdorf  and  she 
briefly  reviewed  her  research.  President  Obenshain  introduced  Dr.  Wils¬ 
dorf  s  family  who  were  in  the  audience. 

Senator  Lloyd  Bird  presented  the  first  Ivey  F.  Lewis  Distinguished 
Service  Award  to  Dr.  H.  Rupert  Hanmer,  president  of  the  Virginia  Insti¬ 
tute  for  Scientific  Research  and  retired  vice  president  of  the  American 
Tobacco  Company.  Dr.  Hanmer  spoke  briefly  about  his  past  experi¬ 
ences  with  the  Academy. 

Mr.  Frank  Kizer,  State  Board  of  Education,  announced  the  1965 
Biology  Teacher  Award  winner,  Mrs.  Vera  Remsburg,  Herndon  High 
School.  Chairman  Wisman  of  the  Junior  Academy  of  Science  reviewed 
the  Junior  program  and  award  winners,  and  Chairman  Russell  described 
in  detail  the  1965  Science  Talent  Search  program. 

President  Obenshain  introduced  the  first  Sidney  S.  Negus  Lecturer, 
Dr.  Sterling  B.  Hendricks,  USD  A,  who  presented  a  stimulating  talk  on 
“PhotopeHodism/’  Dfr.  Obenshain  expressed  the  appreciation  of  the 
Academy  for  such  a  fine  talk. 

James  F.  Ferry  made  the  following  report  for  the  Resolution  Com¬ 
mittee: 


WHEREAS  the  members  of  the  Virginia  Academy  of  Science 
have  assembled  for  their  Forty-third  Annual  Meetings  in  Richmond, 
Virginia,  from  May  5  to  May  8,  1965,  and 

WHEREAS  these  meetings  have  been  a  means  of  exchanging 
ideas  regarding  the  latest  results  of  our  scientific  investigations,  and 
a  means  of  increasing  our  scientific  knowledge,  and  an  occasion  for 
renewing  old  friendships  while  welcoming  new  friends,  and 

WHEREAS  the  members  wish  to  express  their  indebtedness 
to  those  who  made  possible  the  success  of  these  Meetings, 

BE  IT  KNOWN  therefore,  that  the  members  of  the  Virginia  Academy 
of  Science  embody  these  sentiments  in  the  following  resolutions,  and 
ask  that  they  be  spread  upon  the  minutes  of  this  Assembly;  to  wit.: 
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BE  IT  RESOLVED 

1.  That  we  render  heartfelt  thanks  to  our  hosts,  the  Uni¬ 

versity  of  Richmond,  The  Medical  College  of  Vir¬ 
ginia,  and  the  Richmond  Professional  Institute,  who 
have  carried  through  detailed,  well-made  plans  for 
our  convenience. 

2.  That  we  express  special  thanks  to  the  chairman  of  the 

Local  Committee  on  Arrangements,  Mr.  M.  B.  Rowe, 
for  his  untiring  efforts  on  our  behalf. 

3.  That  we  express  to  the  President,  Dr.  S.  S.  Obenshain, 

our  deep  sense  of  gratitude  for  his  devotion  to  the 
interest  of  the  Academy. 

4.  That  we  voice  our  sincere  appreciation  to  the  other 

officers,  members  of  Council,  committee  chairmen, 
and  all  committee  members  who  have  performed 
their  work  on  behalf  of  the  Academy,  so  faithfully 
and  well. 

5.  That  we  give  sincere  thanks  to  the  section  chairmen, 

section  secretaries,  and  those  who  presented  papers, 
for  their  important  contributions  to  the  Meetings. 

6.  That  our  appreciation  be  conveyed  to  Miss  Mary  Kapp 

and  members  of  her  Committee  on  Registration  and 
to  Dr.  Jack  Burke  who  assumed  these  responsibilities 
when  Miss  Kapp  became  ill  late  in  April;  further¬ 
more  that  we  give  our  thanks  to  those  who  served 
in  the  actual  registration  and  who  came  from  the 
Department  of  Anatomy,  at  the  Medical  College  of 
Virginia,  from  the  Chamber  of  Commerce  in  Rich¬ 
mond,  and  from  the  State  Department  of  Agricul¬ 
ture. 

7.  That  we  convey  our  thanks  to  the  companies  and  cor¬ 

porations  represented  by  exhibtis,  and  to  the  com¬ 
mittee  which  arranged  for  these;  these  exhibits 
form  an  important  part  of  these  meetings. 

8.  That  we  expres  our  deep  appreciation  to  the  modera¬ 

tor,  Dr.  Fred  R.  Millhiser,  and  to  the  members  of 
his  panel  at  the  Confeernce  on  Technical  and  Sci¬ 
entific  Post  High  School  Education  in  Virginia. 

9.  That  we  extend  our  thanks  to  the  chairman  of  the 
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Committee  on  Publicity,  Dr.  R.  J.  Rowlett,  Jr.  and 
to  the  members  of  his  Committee,  Dr.  F.  D,  Kizer 
and  Dr.  A.  P.  Richardson,  Jr.  who  have  written 
material  for  the  news  media  which  is  interesting 
and  inspiring. 

10.  That  the  members  of  the  Academy  send  hearty  thanks 

to  the  Phipps  and  Bird  Company  for  their  delight¬ 
ful  hospitality. 

11.  That  the  members  of  the  Academy  send  their  thanks 

to  the  Manager  of  the  John  Marshall  Hotel  and  to 
its  Staff,  for  their  helpfulness  in  all  matters  of  the 
Meetings.  Their  interest  in  the  success  of  the  Meet¬ 
ings  has  gone  beyond  a  routine  concern,  and  for  this 
we  are  grateful. 

12.  That  the  Academy  notes  with  regret  the  death  of  four 

of  its  members: 

Miss  Thursa  F.  Davis,  Associate  Professor  of  Chem¬ 
istry  at  Virginia  State  College 

Captain  Hugh  MacDougal,  Psychology  Department, 
Fork  Union  Military  Academy 

Dr.  Earl  G.  Swem,  of  Louisville,  Kentucky,  Charter 
Member  of  the  Academy  and  former  Librarian  of 
William  and  Mary  College 

Dr.  Percy  Holmes  Warren,  Dean  of  Madison  Col¬ 
lege,  Professor  of  Biology,  who  is  memorialized 
by  his  many  friends  as  “scholar  and  gentleman,  a 
humanitarian  and  beloved  administrator.” 

Local  Arrangements  Chairman  Maurice  Rowe  was  thanked  by  the 
President  for  an  outstanding  performance  and  his  assistants  were  praised 
for  their  support. 

Former  President  Jack  Tavlor  reported  for  the  Nominating  Committee 
and  announced  the  election  of  three  new  Councilors,  Mrs.  J.  J.  Thaxton, 
Science  Teachers;  W.  T.  Joyner,  Astronomy,  Math  and  Physics,  and 
James  W.  Midyette,  Jr.  Agricultural  Science.  He  then  nominated  for 
1965-66  officers:  Dr.  Roscoe  D.  Hughes,  President;  Dr.  Stanley  B.  Wil¬ 
liams,  President-Elect;  Dr.  Russell  J.  Rowlett,  Jr.,  Secretary;  and  Mr. 
Maurice  B.  Rowe,  Treasurer.  The  President  asked  for  further  nominations. 
There  were  none.  A  motion  was  made  that  the  nominations  be  accepted 
and  candidates  elected  as  reported.  It  was  seconded  and  unanimously 
approved. 
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President  Obenshain  introduced  the  new  officers  and  Executive  Secre¬ 
tary-Treasurer  Berry.  He  expressed  his  deep  appreciation  to  all  who  had 
worked  with  him  during  his  year  in  office  and  turned  the  gavel  over  to 
new  President  Hughes.  Dr.  Hughes  described  his  humility  in  the  high 
office  and  thanked  Dr.  Obenshain  for  his  leadership  and  very  thorough 
instruction  during  the  past  year.  He  asked  for  the  continued  support  of 
all  members  during  the  coming  year. 

The  meeting  was  adjourned  at  10:25  p.m. 


MINUTES  OF  COUNCIL  MEETING 
Virginia  Academy  of  Science 
John  Marshall  Hotel,  Richmond,  Virginia 
May  8,  1965 

President  Hughes  called  the  meeting  to  order  at  8:18  a.m.  The  fol¬ 
lowing  were  present:  L.  D.  Abbott,  Jr.,  R.  C.  Berry,  L.  C.  Bird,  J.  F. 
Eckel,  W.  S.  Flory,  P.  A.  Hansen,  B.  H.  Harshbarger,  S.  M.  Heflin,  R.  D. 
Hughes,  W.  T.  Joyner,  F.  D.  Kizer,  H.  McKennis,  J.  W.  Midyette,  Jr., 
S.  S.  Obenshain,  E.  W.  Ramsey,  L.  S.  Reid,  M.  B.  Rowe,  R.  J.  Rowlett, 
Jr.,  E.  V.  Russell,  Jr.,  P.  B.  Siegel,  F.  F.  Smith,  J.  J.  Taylor,  R.  L.  Tay¬ 
lor,  W.  E.  Trout,  Jr.  and  W.  S.  Woolcott. 

He  emphasized  that  the  power  of  the  Academy  lies  in  this  Council 
and  pledged  his  very  best  efforts  to  carry  out  Council’s  wishes.  He  called 
for  former  President  Jack  Taylor  to  explain  to  Council  present  efforts  to 
improve  the  State  regulations  relating  to  certification  of  teachers.  Pro¬ 
fessor  Taylor  summarized  the  large  amount  of  work  which  has  gone  into 
the  study  and  emphasized  that  many  Academy  members  had  participated 
in  the  study  and  resulting  report  through  their  respective  colleges.  He 
said  the  completed  report  had  been  turned  over  to  a  committee  appointed 
by  the  State  Superintendent  of  Education.  He  then  presented  the  follow¬ 
ing  Resolution: 

WHEREAS  the  rapid  growth  of  scientific  and  mathematical  knowl¬ 
edge  and  the  increasing  influence  of  these  disciplines  upon  the  advance 
of  our  culture  necessitates  that  we  maintain  a  first-class  educational  sys¬ 
tem  in  Virginia  and 

WHEREAS  the  State  Department  of  Education  has  initiated  an  Insti¬ 
tutional  Study  among  the  colleges  and  universities  in  Virginia  of  the  prep¬ 
aration  and  certification  of  teachers  of  science  and  mathematics  and 

WHEREAS  the  study  has  been  completed  and  recommendations  made 
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to  the  committee  appointed  by  the  State  Superintendent  of  Public  Instruc¬ 
tion  to  study  the  problem  and  recommend  revisions  in  the  teacher  cer¬ 
tification  requirements 

THEREFORE  be  it  resolved  that: 

1.  The  Virginia  Academy  of  Science  highly  commend  the  State 
Superintendent  of  Public  Instruction  and  the  State  Board  of 
Education  of  Virginia  for 

a.  the  leadership  provided  in  involving  the  institutions  of 
higher  education  in  Virginia  in  a  study  of  the  under¬ 
graduate  preparation  of  teachers  of  science  and  mathe¬ 
matics 

b.  the  positive  action  taken  in  appointing  a  committee  to 
study  the  recommendations  of  the  institutional  committee 
and  to  make  recommendations  to  the  State  Board  of  Edu¬ 
cation  for  improving  certification  standards  for  teachers 
in  Virginia 

2.  The  Virginia  Academy  of  Science  wholeheartedly  support  the 
Report  of  the  Institutional  Study  Committee  of  Certification 
Requirements  for  Secondary  School  Teachers  of  Science  and 
Mathematics,  and  recommend  its  adoption. 

3.  The  Virginia  Academy  of  Science  stand  ready  to  assist  the 
Committee  in  every  way  possible  in  further  evaluation  and 
implementation  of  the  recommendations  of  the  certification 
study. 

The  former  President  moved  to  adopt  the  Resolution  and  to  instruct 
the  Secretary  to  send  copies  of  it  and  the  completed  report  to  the  Gover¬ 
nor,  Lieutenant  Governor,  State  Superintendent  of  Public  Instruction,  mem¬ 
bers  of  the  State  Board  of  Education,  and  members  of  the  Committee 
Studying  Revision  of  Teacher  Certification.  The  motion  was  seconded, 
there  was  considerable  discussion  An  attempt  was  made  to  amend  the 
motion  to  ask  that  requirements  for  professional  education  courses  be  de¬ 
creased.  The  amendment  was  defeated.  The  motion  to  accept  the  Reso¬ 
lution  and  to  so  instruct  the  Secretary  was  then  unanimously  approved. 

Chairman  Ramsey  presented  the  following  Resolution:  “The  Com¬ 
mittee  on  Natural  Resources  proposes  that  a  paper  be  prepared  on  air, 
treating  it  as  a  natural  resource  and  as  a  natural  resource  which  is  being 
polluted  at  some  places  in  Virginia,  and  that  such  paper  be  considered 
for  printing  in  The  Journal  during  1966.”  The  Resolution  was  moved, 
seconded,  and  unanimously  approved. 
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Colonel  Heflin  reviewed  work  to  date  on  the  Visiting  Scientists  Pro¬ 
gram  and  its  NSF  support.  He  asked  for  the  assistance  and  encourage¬ 
ment  of  the  entire  Academy. 

The  President  introduced  two  of  the  three  Councilors  elected  by  the 
Sections  and  introduced  the  preceding  night. 

Councilor  Woolcott,  Biology,  commended  Editor  Paul  Siegel  for  his 
outstanding  efforts  to  improve  The  Journal.  He  reported  a  suggestion 
from  his  Section  concerning  the  need  for  continuity  from  year  to  year  in 
the  Local  Arrangements  Committee.  He  moved  that  the  President-Elect 
be  asked  to  appoint  his  Local  Arrangement  Chairman  one  year  in  advance 
in  time  for  him  to  work  with  the  current  Chairman.  This  motion  was 
seconded  and  approved.  Dr.  Hughes  pointed  out  that  this  had  been 
done  in  1965  and  the  Harrisonburg  Chairman  was  present  and  observing 
at  the  Richmond  meeting. 

Chairman  Flory  of  the  ad  hoc  Committee  on  Publications  asked  that 
the  Finance  Committee  look  into  new  allocations  for  The  Journal  from 
the  increased  dues  to  be  collected  in  1966.  Dr.  Hughes  pointed  out  that 
this  committee  had  been  appointed  with  the  full  knowledge  of  all  who 
have  an  interest  in  Academy  publications,  and  in  fact,  all  publications  are 
represented  on  the  committee. 

Councilor  Abbott,  Medical  Sciences,  described  conflicts  in  program¬ 
ing  papers  at  the  Section  level;  a  paper  submitted  to  one  Section  which 
might  be  more  appropriate  in  another  Section’s  program.  He  suggested 
that  the  Secretaries  concerned  get  together  informally  and  try  to  iron 
this  out  and  that  clearer  instructions  be  given,  prior  to  paper  submission, 
to  both  the  membership  and  Section  Secretaries. 

President  Hughes  announced  that  the  next  Council  meeting  will  be 
in  mid  October  on  a  Sunday  at  10:00  a.m.,  in  Charlottesville. 

The  meeting  was  adjourned  at  9:30  a.m. 

Respectfully  submitted 

Russell  J.  Rowlett,  Jr.,  Secretary 
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REPORT  OF  THE  TREASURER  —  MAY  6,  1965 
GENERAL  FUND  —  RECEIPTS  AND  DISBURSEMENTS  FOR  THE 
YEAR  ENDED  DECEMBER  31,  1964 

RECEIPTS: 


Dues: 

Regular  members  _ $  2,701.00 

Student  members  _  50.00 

Contributing  members  _  870.00 

Sustaining  members  _  610.00 

Business  members  _  2,000.00 

Delinquent  dues  _  297.00 

Dues  applicable  to  current  year _ $  6,528.00 

Deduct:  above  dues  collected  in  prior  year _  88.00 

Dues  collected  in  current  year  _ $  6,440.00 

Gifts  and  grants  _  1,935.00 

Received  from  Virginia  State  Chamber  of  Commerce 
for  honoraria  of  speakers  at  symposium  at  annual 

meeting  _  3,000.00 

Contributions  to  Virginia  Institute  for  Scientific  Research 

building  fund  _  273.00 

Income  from  Special  Trust  Fund _  285.50 

Divdends  received  on  corporate  stock  investments _  105.40 

Advance  payment  of  dues  _  224.00 

Sales  of  James  River  Basin  books _  7.00 

Restitution  of  unexpended  appropriation  made  to  James 
River  Basin  Project  _  477.72 

Annual  Meeting  Receipts: 

Registration  fees  _ $  1,054.00 

Exhibit  space  fees  _  1,515.00 

~  $  2,569.00 

Refund  of  advance  to  Junior  Academy  of  Science _  113.67 

Total  Cash  Receipts _ _  $15,430.29 

EXPENDITURES: 

A.A.A.S.  meeting  expenses  _ $  172.88 

Annual  meeting  expenses  _  1,127.63 

Virginia  Journal  of  Science _  2,150.00 
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Virginia  Journal  of  Science  —  Program  for  annual  meet¬ 
ing  and  Proceedings  issue  _  1,000.00 

Honorarium,  Executive  Secretary-Treasurer  _  1,200.00 

Clerical  assistance  and  other  expenses  of  Executive  Sec¬ 
tary-Treasurer’s  office  _  621.09 

Stationery  and  supplies  _  113.95 

Printing,  addressograph  service  and  section  expense _  757.32 

Postage  and  express  _  267.86 

Telephone  _ 123.07 

Audit  and  tax  service  _  800.00 

Miscellaneous  general  expenses  including  tax,  P.O.  box 

rent,  surety  bonds,  and  A.A.A.S.  conference  dues _  253.19 

Junior  Academy  of  Science _  1,715.00 

Science  Talent  Search  _  450.17 

E.  C.  L.  Miller  Award _  50.00 

W.  Catesby  Jones  Award  _  10.00 

Honoraria  of  speakers  at  Sumposium  at  annual  meeting _  3,000.00 

Advance  to  Junior  Academy  of  Science _  113.67 

Total  Cash  Disbursements  _ $13,925.83 

Excess  Cash  Receipts  over  Cash  Disbursements  __  $  1,504.46 

Add  Cash  Balance  12/31/63  _  3,756.41 

Cash  Balance  12/31/64  (on  deposit  checking  account)  _ $  5,260.87 

GENERAL  FUND  BALANCE  SHEET  —  DECEMBER  31,  1964 

Assets: 

Cash  in  bank  _ $  5,261 

Investments  at  cost  (Market  value  $2,367) _  2,446 

Due  from  Special  Trust  Fund _  4,600 

Due  from  Virginia  Institute  for  Scientific 

Research  Building  Fund _  338 

Total  _ $  12,645 

Liabilities  and  Fund  Balance: 

Advance  payment  of  dues _ $  224 

Due  research  fund  _  339 

Fund  balance: 

appropriated  for  Academy 

publications  _ $  2,504 

unappropriated  surplus  _  9,578 

12,082 

Total  _ $  12,645 


William  B.  Wartman,  Jr.,  Treasurer 
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J.  WADDELL  RISON  &  COMPANY 
Certifiied  Public  Accountants 
Room  1008  Mutual  Building 
Richmond  19,  Virginia 
Dial  644-4629 


J.  Waddell  Rison,  C.P.A.  Member 

American  Institute  of 
Certified  Public  Accountants 

February  23,  1965 

The  Officers  and  Council  Members 
Virginia  Academy  of  Science 
Richmond,  Virginia 

Gentlemen: 

We  have  examined  the  statement  of  assets  and  liabilities,  prepared  on 
a  cash  basis  of  the  Virginia  Academy  of  Science,  Richmond,  Virginia,  as 
of  December  31,  1964,  and  the  related  statement  of  income  collected  and 
expenses  paid,  on  a  cash  basis,  for  the  year  then  ended.  Our  examination 
was  made  in  accordance  with  generally  accepted  auditing  standards  and 
accordingly  included  such  tests  of  the  accounting  records  and  such  other 
auditing  procedures  as  we  considered  necessary  in  the  circumstances. 

The  amounts  shown  on  the  Consolidated  Fund  Balance  Sheet,  Exhibit 
A,  and  Statements  of  Cash  Receipts  and  Disbursements,  Exhibits  F,  G, 
H,  and  I,  relating  to  Trust  Agency  Fund  Accounts  were  taken  from  the 
December  31,  1964,  report  of  the  Trust  Agent,  First  and  Merchants 
National  Bank  of  Richmond,  and  were  not  verified  in  any  manner. 

In  our  opinion,  the  accompanying  statements  present  fairly  the  assets 
and  liabilities  of  the  Virginia  Academy  of  Science  at  December  31,  1964, 
resulting  from  cash  transactions,  and  the  recorded  income  collected  and 
expenses  paid,  on  a  cash  basis,  for  the  year  then  ended  on  a  basis  con¬ 
sistent  with  that  of  the  preceding  year. 

Respectfully  submitted 

J.  WADDELL  RISON  &  COMPANY 


286 


The  Virginia  Journal  of  Science 


[September 


CONSOLIDATED  FUND  BALANCE  SHEET 

(Prepared  on  a  Cash  Basis  of  Accounting) 

DECEMBER  31,  1964 
ASSETS 

GENERAL  FUND: 

Cash  in  bank  (Exhibit  B)  _ $  5,261 

Investments  at  cost  (market  value  $2,367) _  2,446 

Due  from  Special  Trust  Fund _  4,600 

Due  from  Virginia  Institute  for  Scientific 

Research  Building  Fund  _  338 

Total  General  Fund _ $12,645 

RESEARCH  FUND: 

Cash  in  bank  (Exhibit  E)  _ $  2,015 

Due  from  General  Fund _  339 

Due  from  Special  Trust  Fund _  1,100 

Total  Research  Fund  _  3,454 

TRUST  FUND  PRINCIPAL: 

Cash  on  deposit  (Exhibit  F)  _ $  56 

Investments  —  at  cost: 

Corporate  bonds  (market  value  $11,570)  $11,952 
Corporate  stock  (market  value  $30,853)  15,301  27,253 

Total  Trust  Fund  Principal  _  27,309 

TRUST  FUND  INCOME: 

Cash  on  deposit  (Exhiibt  G)  _ $  559 

Total  Trust  Fund  Income  _  559 

SPECIAL  TRUST  FUND  PRINCIPAL: 

Cash  on  deposit  (Exhibit  H) _ $  214 

Investments  —  at  cost: 

U.  S.  Treasury  notes  (market  value 

$5,007)  _ $  5,022 

Corporate  stocks  (market  value  $1,700)  1,753  6,775 

Total  Special  Trust  Fund  Principal _  6,989 

SPECIAL  TRUST  FUND  INCOME: 

Cash  on  deposit  (Exhibit  I)  _ $  130 

Total  Special  Trust  Fund  Income  _  130 

$51,086 
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Exhibit  A 

LIABILITIES  AND  FUND  BALANCES 
GENERAL  FUND: 

Advance  payment  of  dues _ _ _ _ _ $  224 

Due  Research  Fund _ _ _ _ _ _ _  339 

Fund  balance: 

Appropriated  for  Academy  publications  $  2.504 
Unappropriated  surplus  _  9.578  12.082 

Total  General  Fund _ _ _ _ _ _ _ _  $12,645 

RESEARCH  FUND: 

Fund  balance: 

Unappropriated  surplus  _ _ _ $  3,454 

Total  Research  Fund _ _ _ $  3,454 

TRUST  FUND  PRINCIPAL: 

Fund  balance: 

Balance  —  January  1,  1964  _ $22,906 

Add  net  gains  on  sales  of  securities  __  4,403 

Balance  —  December  31,  1964  _ _  $27,309 

Total  Trust  Fund  Principal  _  27,309 

TRUST  FUND  INCOME: 

Fund  balance: 

Unappropriated  surplus _ __ _ _ _ _ _ $  559 

Total  Trust  Fund  Income _  559 

SPECIAL  TRUST  FUND  PRINCIPAL: 

Due  to  General  Fund _ _ _ _ _ _ _  $  4,600 

Due  to  Research  Fund  _ _ _ _ _ _ _ _  1,100 

Unappropriated  surplus  (arising  from  gains 

on  sales  of  securities)  _ _ _  1,289 

Total  Special  Trust  Fund  Principal _ _ _ _ _  6,989 

SPECIAL  TRUST  FUND  INCOME: 

Fund  balance: 

Unappropriated  surplus  _ _  $  130 

Total  Special  Trust  Fund  Income  _ _ _ _ _ _  130 


$51,086 
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RESEARCH  FUND 

CASH  RECEIPTS  AND  DISBURSEMENTS  STATEMENT 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1964 

Exhibit  E 

BALANCE  ON  DEPOSIT  —  JANUARY  1,  1964  _ $  1,100 

RECEIPTS: 

Remittances  from  Trust  Fund  Income  (Exhibit  G)  $  1,415 

Gifts,  grants  and  bequests  _  250 

Total  Receipts  _  1,665 

$  2,765 

DISBURSEMENTS: 

Grants-in-aid  for  research  work  - - $  250 

J.  Shelton  Horsley  Award  _  500 

Total  Disbursements  _  750 

BALANCE  ON  DEPOSIT  —  DECEMBER  31,  1964  (Exhibit  A)__  $  2,015 


TRUST  FUND  PRINCIPAL 

CASH  RECEIPTS  AND  DISBURSEMENTS  STATEMENT 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1964 

Exhibit  F 

BALANCE  —  JANUARY  1,  1964  _ _ $  429 

RECEIPTS: 

Sale  of  135  shares  Parke  Davis  &  Company  stock 

(Return  of  cost  $1,597  plus  gain  on  sale  $2,442) _  $  4,039 
Sale  of  30  shares  Owens  Illinois  Glass  stock 

(Return  of  cost  $1,354  plus  gain  on  sale  $1,787) _  3,141 

Sale  of  10  shares  May  Department  Stores  Company  stock 

(Return  of  cost  $1,080  less  than  on  sales  $165) _  915 

Cash  transfers  from  savings  account _  3,285 

Cash  transfer  from  trust  fund  income  account 

(Exhibit  G)  _  339 

Total  Receipts  _  11,719 

$12,148 

DISBURSEMENTS: 

Purchase  of  20  shares  Norfolk  &  Western  Railway 

stock  April  13,  1964,  @  $129.25  _ $  2,585 
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Purchase  of  65  shares  United  Gas  Corporation 

stock  April  13,  1964,  @  $36,50  _ _ _  2,372 

Cash  transfer  to  savings  account _  3,135 

Purchase  of  $4,000  Pacific  Gas  &  Electric  first 
mortgage  debentures,  414%,  December  16,  1964_  4,000 

Total  Disbursements  - - - -  12,092 

BALANCE  —  DECEMBER  31,  1964  (Exhibit  A)  _ $  56 


TRUST  FUND  INCOME 

CASH  RECEIPTS  AND  DISBURSEMENTS  STATEMENT 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1964 

Exhibit  G 

BALANCE  —  JANUARY  1,  1964  _ $  749 

RECEIPTS: 

Dividends  on  stock  investments  - _ - $  1,337 

Interest  on  savings  account  _  7 

Interest  on  bond  investments _  327 

Total  Receipts  _  1,671 

$  2,420 

DISBURSEMENTS: 

Refunded  interest  accrued  on  Pacific  Gas  &  Electric 
first  mortgage  debentures  when  purchased  on 

December  16,  1964  _ $  7 

Remittance  to  Virginia  Academy  of  Science 

Research  Fund  account  (Exhibit  E)  _  1,415 

Transfer  to  Trust  Fund  Principal  account 

(Exhibit  F)  _ _ _  339 

Trust  Agent’s  commission  for  year  ended 

March  31,  1964  _  100 

Total  Disbursements  _  1,861 

BALANCE  —  DECEMBER  31,  1964  (Exhibit  A)  _ 559 


SPECIAL  TRUST  FUND  PRINCIPAL 
CASH  RECEIPTS  AND  DISBURSEMENTS  STATEMENT 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1964 

Exhibit  H 

BALANCE  —  JANUARY  1,  1964  _ _ _ _ _ _  $  214 

RECEIPTS  _ _ _ _ _ ,_ _  None 

DISBURSEMENTS  _ _ _  None 

BALANCE  —  DECEMBER  31,  1964  (Exhibit  A)  _ _ 1$  214 
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SPECIAL  TRUST  FUND  INCOME 
CASH  RECEIPTS  AND  DISBURSEMENTS  STATEMENT 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1964 


Exhibit  I 

BALANCE  —  JANUARY  1,  1964  _ _ _ $  143 

RECEIPTS: 

Dividends  on  stock  investments _ $  48 

Interest  on  U.  S.  Treasury  notes _ _ _  225 

Total  Receipts  _  273 

“$  416 

DISBURSEMENTS: 

Remittance  to  Virginia  Academy  of  Science 

(Exhibit  C)  _  286 

BALANCE  —  DECEMBER  31,  1964  (Exhibit  A)  _ $  130 


INVESTMENTS  HELD  IN  TRUST  AGENT’S  ACCOUNTS 
FIRST  AND  MERCHANTS  NATIONAL  BANK,  RICHMOND,  VIRGINIA 

DECEMBER  31,  1964 

Exhibit  J 
Book  Value  Market 


TRUST  FUND  PRINCIPAL  ACCOUNT:  at  Cost  Value 

Associates  Investment  Company,  4%%  debentures, 

$3,000  _ $  2,970  $  2,895 

Atlantic  Coast  Line  Railroad,  4*4%  etc.,  $2,000  _  1,957  1,950 

Household  Finance  Corporation,  4%,  sinking  fund 

debenture,  $1,000  _  1,025  952 

Pacific  Gas  and  Electric,  first  mortgage  debentures 

Reg.  $4,000  _  4,000  4,055 

Pere  Marquette  Railway,  3%%,  first  debenture 

bonds,  $2,000  _ 2,000  1,718 

Philip  Morris,  Inc.,  $4.00  pfd.,  7  shares _  711  627 

American  Smelting  and  Refining  Company,  com¬ 
mon,  80  shares  _ _ —  2,178  3,970 

American  Tobacco  Company,  common,  80  shares _  1,518  2,650 

Atlas  Chemical  Industries,  common,  80  shares  _  1,563  1,360 

General  Motors  Corporation,  common,  45  shares _  2,385  4.404 

Illinois  Power  Company,  common,  100  shares _ _  903  4,462 

Norfolk  and  Western  Railway  Company,  common, 

20  shares  _ 2,585  2,650 
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Standard  Oil  Company  of  New  Jersey,  common, 

93  shares  _ 1,086  8,382 

United  Gas  Corporation,  common,  65  shares _  2,372  2,348 

Total  (Exhibit  A)  _ $27,253  $42,423 


SPECIAL  TRUST  FUND  PRINCIPAL  ACCOUNT: 

U.  S.  Treasury  Bonds,  41/4%,  maturing 

May  15,  1974,  $5,000  _ $  5,022  $  5,007 

Westinghouse  Electric  Corporation,  common, 

40  shares  _  1,753  1,700 

Total  (Exhibit  A)  _ $  6,775  $  6,707 


REPORT  ON  INVESTMENTS 
AT  END  OF  DECEMBER  1964 

Balance  in  Income  Cash  Account  1/1/64 _ $  749.42 

Income  from  stocks,  common  and  preferred _  1,670.53 

$  2,419.95 

Disbursed  as  follows: 

Agent’s  Commission  for  year  ending  3/31/64  _  $  100.00 

Transferred  to  Science  Research  Account _  1,414.84 

Transferred  to  Principal  Account  for 

Investment  _ _ _ ... _  346.52 

$  1,861.36 

Balance  in  account  end  of  1964  _  558.59 

$  2,419.95 

Balance  in  Income  Cash  Account  1/1/64 _ $  142.75 

Income  from  bonds  _  273.00 

$  415.75 

Disbursed  as  follows: 

Transfered  to  Science  Research  Account _ $  285.50 

Balance  in  Account  end  of  1964  _  130.25 

$  415.75 

Balance  in  account  of  Principal  (stocks)  12/31/64  _ $  55.99 

Balance  in  account  of  Principal  (bonds)  12/31/64  _  214.14 

Book  value  of  stocks  held  as  of  12/31/64 _ _ _  27,252.51 

Book  value  of  bonds  held  as  of  12/31/64  _  6,773.52 

Lloyd  C.  Bird,  Chairman 
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ANNUAL  REPORT  OF  THE  FINANCE  COMMITTEE 

The  Finance  Committee  reports  that  the  Academy  lived  within  the 
budget  for  the  year  1964.  Receipts  for  this  period  were  $11,334.90, 
and  disbursements  were  $10,812.16. 

The  income  for  1965  is  estimated  at  $12,540.00,  and  expenditures 
have  been  budgeted  for  $14,039.00.  This  deficit  for  1965  can  be  absorbed 
by  the  small  surplus  now  in  the  Treasury  of  the  Academy. 

The  increased  cost  of  the  secretarial  office,  publication  of  the  journal, 
and  other  activties  of  the  Academy  demand  that  we  get  additional  revenue 
beginning  with  the  year  1966. 

The  Finance  Committee  has  recommended  to  the  Council  that  the 
dues  be  raised  for  regular  members  from  $3.00  to  $5.00.  Contributing 
Members  from  $5.00  to  $10.00,  Sustaining  Members  from  $10.00  to  $25.00. 
No  change  was  recommended  in  the  Student  Membership  dues. 

A  detailed  report  of  the  Finance  Committee  is  attached  as  an  appen¬ 
dix  to  this  report. 

Respectfully  submitted 

Boyd  Harshbarger,  Chairman 


FINANCIAL  STATEMENT 
VIRGINIA  JOURNAL  OF  SCIENCE 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1964 

RECEIPTS: 

Academy  Subsidy 


Members  - $  2,150.00 

Proceedings  _  1,000.00 

Advertising  -  500.00 

Subscriptions  -  396.05 

Back  issues  -  2.00 

Extra  pages  -  268.75 


Total  Receipts  - -  $  4,316.80 

EXPENDITURES: 

Printing  and  postage - $  4,971.50 

Envelopes  _  169.50 


$  5,141.00 
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STATEMENT  OF  CASH  ACCOUNT 


Balance  Jan.  1,  1964  _ $  2,535.06 

Receipts  for  year  _  4,316.80 


Jan.  I  balance  and  receipts _ $  6,851.86 

Expenses  for  year  _  5,141.00 


Balance  Dec.  31,  1964 


1,710.86 


Frank  Butler,  Auditor 


Carl  W.  Allen,  Managing  Editor 


REPORT  OF  COMMITTEE  ON  AWARDS 

Your  Committee  on  Awards,  W.  T.  Sanger,  William  Guy,  and  L.  C. 
Bird  recommended  for  the  1965  Distinguished  Service  Award  Dr.  H. 
Rupert  Hanmer. 

Dr.  Hanmer,  a  Vice  President  and  Director  of  Research  for  Ameri¬ 
can  Tobacco  Company,  retired  from  that  position  in  1964.  Currently,  he 
is  President  of  the  Virginia  Institute  for  Scientific  Research. 

L.  C.  Bird,  Chairman 


REPORT  OF  THE  COMMITTEE  ON  VIRGINIA  FLORA 

During  the  1964  meeting  of  the  Virginia  Academy,  a  committee 
lunch  was  attended  by  Miss  Lean  Artz,  Dr.  Dorothy  L.  Crandall,  Dr.  A. 
M.  Harvill,  Dr.  R.  A.  Nicely  and  Dr.  A.  B.  Massey.  Absent  members 
were  Dr.  R.  S.  Freer  and  Dr.  W.  S.  Flory.  The  plans  and  efforts  of 
the  individuals  were  discussed. 

Miss  Artz  has  been  especially  active  in  her  investigation  of  the  flora 
of  the  Massanutten  Mountains.  Her  paper  entitled  Plants  of  the  Massa- 
nntten  Mountains  System  not  abundant  in  that  area”  was  published  in 
Castanea  Vol.  29  page  175.  She  has  discovered  plants  in  the  area  which 
are  rare  in  Virginia.  She  is  depositing  specimens  in  the  Madison  Col¬ 
lege  Herbarium.  Miss  Artz  has  also  presented  illustrated  lectures  in  five 
northern  Virginia  counties.  Dr.  Freer  continues  with  his  investigation  of 
the  flora  of  the  Central  Blue  Ridge  mountains.  In  retirement  he  con¬ 
tinues  his  studies  and  is  encouraged  by  Lynchburg  College  to  further  the 
development  of  the  herbarium.  A  collection  of  a  hundred  or  more  speci¬ 
mens,  from  the  Peaks  of  Otter  region,  has  been  deposited  in  the  State 
Herbarium  at  V.  P.  I.  Mr.  L.  J.  Uttal  has  been  associated  with  Dr.  Freer 
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and  has  published  a  botanical  paper  in  Rhodora,  Vol.  66  p.  97.  Dr.  A. 
M.  Harvill,  Longwood  College,  spent  the  summer  in  Williamsburg  con¬ 
ducting  summer  classes  in  William  and  Mary.  He  conducted  flora  inves¬ 
tigations  of  the  region  and  has  prepared  a  paper  for  publication.  His 
paper,  The  Magnolias  in  Virginia,  appears  in  Castanea  Vol.  29  p.  186. 
He  reports  the  discovery  of  Magnolia  macrophylla  in  Lee  County  which 
is  a  new  record  for  Virginia.  Magnolia  grandiflora  is  reported  to  be  well 
established,  probably  native,  in  a  large  swamp  near  Pungo,  Princess  Anne 
County,  Rhodora  Vol.  66  p.  159.  Dr.  Crandall  attended  the  International 
Botanical  Congress  in  Edinburgh,  Scotland,  hence  has  little  time  for  inves¬ 
tigations  relative  to  the  local  flora.  Dr.  Nicely  is  actively  conducting 
field  studies  in  the  Alleghanies.  He  has  discovered  Fraxinus  quadrangu- 
lata  in  Scott  County,  a  new  record  for  the  state.  His  “Monographic  Study 
of  the  Calycanthaceae”  appears  in  Castanea  Vol.  30:  38-81.  Massey  has 
submitted  a  paper  “Studies  of  Virginia  Flora— a  Review"  to  the  Virginia 
Journal  of  Science. 

The  Committee  on  Virginia  Flora  was  initiated  bv  Drs.  I.  F.  Lewis 
and  A.  B.  Massey  in  1926.  Dr.  Lewis  was  chairman  for  9  vears  and  Massev 
has  been  chairman  for  the  past  30  years.  The  past  2  or  3  years  the  coun¬ 
cil  has  been  asked  to  reorganize  the  committee  appointing  a  vounger  and 
more  active  chairman.  At  this  time  it  is  a  pleasure  to  release  the  chair¬ 
manship  to  Dr.  Kenneth  A.  Nicely,  Department  of  Biology,  V.  P.  I. 

A.  B.  Massey,  Chairman 


REPORT  OF  RESEARCH  COMMITTEE 

The  Research  Committee  made  five  grants  during  the  year.  These 
include: 


Dr.  William  Woolcott, 

Associate  Professor  of  Biology 
University  of  Richmond 

$250 

Dr.  Ralph  G.  Steinhardt 
Professor  of  Chemistry 

Hollins  College 

$300 

Dr.  Leta  Jane  Holman 

Assistant  Professor  of  Biology 
Longwood  College 

8200 

Mr.  Frank  E.  Thompson 
Research  Assistant 

University  of  Virginia 

$200 
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Dr.  Paul  D.  Henson 

Assistant  Professor  of  Chemistry 

Roanoke  College  $250 

Two  grants  were  disapproved  in  the  amount  of  $435. 

Twenty-five  papers  were  submitted  in  competition  for  the  1965  /.  Shel¬ 
ton  Horsley  Research  Award.  This  was  not  only  the  largest  number  of 
papers  presented,  but  represented  possibly  the  best  quality  of  papers 
ever  entered  in  competition  for  the  award.  The  papers  were  distributed 
among  the  sections  as  follows: 


Agriculture  Section  2 

Astronomy,  Mathematics  and 

Physics  Section  5 

Biology  Section  2 

Chemistry  Section  5 

Engineering  Section  2 

Medical  Science  Section  8 

Statistics  Section  1 

Total .  25 

The  papers  represented  the  following  institutions: 

Virginia  Military  Institute  3 

Virginia  Polvtechnic  Institute  5 

Medical  College  of  Virginia  8 

University  of  Richmond  2 

University  of  Virginia  5 

National  Institutes  of  Health  1 

Bionetics  Laboratory,  Inc.  1 

Total .  25 


The  papers  were  evaluated  by  an  out-of-state  group,  and  the  announce¬ 
ment  of  the  winner  was  made  at  the  43rd  Annual  Academy  Assembly, 
Friday,  May  7. 

Respectfully  submitted, 

Boyd  Harshbarger,  Chairman 


REPORT  OF  COMMITTEE  ON  NATURAL  RESOURCES 


It  is  suggested  that  a  paper  be  prepared  which  will  set  forth  thor¬ 
oughly  the  subject  of  air  as  a  natural  resource  in  part  one,  and  as  a  nat- 
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ural  resource  which  is  being  polluted  at  some  places  in  Virginia  and  in 
the  nation  in  part  two. 

Headings,  the  level  of  technical  treatment,  length,  deadline,  review 
and  so  forth  are  for  consideration  of  the  Committee  in  addition  to  the 
most  important  question  of  whom  to  request  to  be  the  author (s).  The 
author (s)  should  be  a  professional  in  some  scientific  field  and  be  tech¬ 
nically  conversant  with  biospheric  phenomena.  It  is  suggested  that  the 
original  writing  be  on  a  fairly  high  technical  level  and  later  pitched 
toward  the  lay  level  if  deemed  advisable. 

It  would  appear  at  this  time  that  the  paper  will  not  necessarily  be 
a  long  one:  about  30  double-spaced  pages  being  the  maximum.  No  basic 
research  will  be  required,  such  a  paper  being  in  a  real  sense  a  compen¬ 
dium. 

Presenting  our  request  to  prospective  writers  should  be  done  so  as 
to  maintain  agreeable  understanding.  No  money  is  available  for  any 
expenses,  but  no  expense  will  be  involved  in  publication  since  it  will 
be  done  by  the  Academy.  The  author's  name  would  be  signed  to  the 
writing  with  this  Committee  named  as  sponsor  or  some  other  designation. 
It  is  hoped  that  the  author  would  agree  to  certain  editorial  privileges  on 
the  part  of  the  Committee,  and  understand  that  his  work  will  be  sub¬ 
ject  to  review  of  the  editorial  board  staff  of  the  Journal. 

It  would  be  desirable  to  secure  a  writer  before  the  end  of  May  and 
have  the  first  draft  in  November  for  publication  in  January  1966. 

Elmer  Ramsey,  Chairman 


REPORT  OF  COMMITTEE  ON  REVISION  OF 
THE  CONSTITUTION  AND  BY-LAWS 

The  recommendations  of  this  committee  for  changes  in  the  Consti¬ 
tution  and  By-Laws  are  given  in  the  notice  to  the  members  of  the  Academy. 
The  Council  has  approved  all  the  changes  contained  in  the  notice  with 
the  following  amendments  which  were  approved  by  the  Council  at  a  meet¬ 
ing  on  May  6,  1965. 

1.  Constitution  and  By-Laws: 

Delete  all  portions  pertaining  to  the  establishment  of  a  class  of 
members  designated  as  Secondary  School  Teachers. 

2.  Constitution,  Article  3,  Members  —  Section  2:  Change  to  read: 
The  dues  of  the  first  four  classes  of  members  are  payable  annually 
in  the  amounts  specified  in  the  By-Laws. 
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3.  By-Laws,  Section  1,  (5)  Annual  Dues:  Change  to  read: 

Members  and  institutions  which  pay  annual  dues  of  twenty-five 
dollars  ($25.00)  or  more  shall  be  designated  Sustaining  Members. 

Council  recommends  to  the  membership  the  approval  of  the  changes 
given  in  the  notice  to  members  as  amended  at  the  May  6,  1965  Council 
Meeting. 

Respectfully  submitted, 

William  B.  Wartman,  Jr.,  Chairman 


REPORT  OF 

VIRGINIA  JUNIOR  ACADEMY  OF  SCIENCE  COMMITTEE 

The  following  items  represent  the  major  activites  of  the  VJAS  since 
my  appointment  as  Director  in  August,  1964: 

1.  Committee  —  The  VJAS  Committee,  consisting  of  18  members, 
has  met  twice,  October  31  and  January  23,  with  your  Presi¬ 
dent  and  Executive  Secretary-Treasurer  and  the  three  student 
officers  in  attendance.  The  Committee  will  meet  again  during 
the  Annual  Meeting. 

Five  committee  members’  terms  expire  this  year.  As  Chair¬ 
man  I  am  recommending  to  your  President-Elect  that  three  be 
retained  for  another  three-year  term  and  that  three  new  members 
be  appointed,  bringing  the  1968  Class  total  to  six.  Specific  names 
are  being  submitted. 

2.  Budget  —  Of  the  present  total  budget  of  $9,143  alloted  to  the 
VJAS,  including  grants  of  $7,353  from  the  NSF,  $1,000  from  the 
Philip  Morris  Co.,  $300  from  the  American  Tobacco  Co.,  and 
$490  allocated  by  the  VAS,  $1,800  has  been  expended  to-date 
under  the  supervision  of  your  Executive  Secretary-Treasurer  and 
Treasurer.  Major  expenditures,  of  course,  will  come  with  the 
Annual  Meeting. 

Approval  of  the  NSF  Grant  renewal  in  the  amount  of  $7,768 
is  still  pending. 

3.  Proceedings  —  Volume  2  of  the  VJAS  Proceedings,  which  included 
19  of  the  20  best  papers  at  the  1964  Annual  Meeting,  was  pub¬ 
lished  in  February.  About  700  copies  of  the  950  printed  have 
already  been  distributed. 

.  Bulletin  —  The  first  of  two  issues  of  the  Junior  Science  Bulletin, 
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a  newsletter  type  publication,  was  published  and  distributed  this 
month.  A  second  issue  will  be  published  in  April. 

5.  AAAS  Meeting  —  Two  students,  Robert  Pariser  of  Norfolk  and 
Joseph  Bell  of  Springfield,  were  two  of  fifteen  chosen  from  the 
nation  to  present  papers  at  the  American  Junior  Academy  of 
Science  Meeting  held  at  Montreal  in  December  in  conjunction 
with  the  AAAS  Meeting.  The  two  students  were  also  among 
five  chosen  to  present  their  papers  again  the  next  day  at  the 
University  of  Montreal  during  the  Young  Scientists  Annual  Meet¬ 
ing.  The  Director,  who  accompanied  the  two  youths  to  Mont¬ 
real,  can  testify  that  they  did  outstanding  jobs.  Expenses  were 
paid  from  the  VAS  allocation  made  to  the  VJAS. 

6.  Student  Awards  —  Criteria  and  selection  procedures  have  been 
developed  for  making  recommendations  for  student  membership 
awards  in  the  AAAS  and  VAS. 

Recommendations  for  the  Major  J.  Catesbv  Jones  Award  are 
being  discontinued  as  of  this  vear. 

The  E.C.L.  Miller  Award  of  $50  supplied  by  the  VAS  will  be 
made  to  the  best  H.  S.  science  club  at  the  Annual  Meeting. 

7.  Teacher-sponsor  Awards  —  Agreements  have  been  established  with 
the  University  of  Virginia  and  the  College  of  William  and  Mary 
to  enable  worthv  high  school  teachers  to  attend  summer  pro¬ 
grams.  One  teacher  will  be  recommended  to  attend  each  insti¬ 
tution  with  each  receiving  a  tuition  scholarship  plus  some  finan¬ 
cial  assistance  from  the  VJAS. 

8.  Historian  —  Mrs.  Remsburg,  a  committee  member,  is  in  the  proc¬ 
ess  of  compiling  a  VJAS  history  and  is  doing  an  excellent  job. 

9.  Affiliated  Science  Clubs  —  To-date  there  are  71  high  school  sci¬ 
ence  clubs  affiliated  with  the  VJAS,  representing  a  total  of  2,250 
science  students  and  120  teachers. 

10.  Research  Papers  —  The  climax  of  the  VJAS  Program  is  the  pre¬ 
sentation  of  student  papers  at  the  Annual  Meeting  where  150 
selected  students  will  give  oral  research  papers  in  ten  categories. 
Winning  papers  will  be  selected  by  a  30-judge  panel  and  will 
receive  cash  awards  donated  by  the  Philip  Morris  Companv. 
The  ten  first  place  papers  will  be  presented  in  the  sessions  the 
following  day. 

Two  lectures  will  be  given  to  the  student  membership,  one 
by  Dr.  Robert  Siegel,  Dean  of  Graduate  Studies  at  the  College  of 
William  and  Mary. 
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Three  meetings:  General  Session,  Business  Meeting  and  Awards 
Hour  will  be  conducted  by  student  officers. 

11.  Visiting  Scientists  Program  —  The  VJAS  is  preparing  plans  to 
cooperate  with  Col.  Heflin,  VMI,  who  will  direct  a  VAS-NSF 
sponsored  Visiting  Scientists  Program  when  approval  is  granted. 

12.  Meetings  and  Visitations  —  The  Director  has  participated  in  sev¬ 
eral  state  programs  involving  high  school  science  teachers,  and 
several  committeemen  have  visited  high  schools  to  assist  in  organ¬ 
izing  science  clubs. 

In  conclusion,  the  Director  and  the  VJAS  Committee  wish  to  acknowl¬ 
edge  the  excellent  and  continued  support  given  by  your  President,  the 
Council  and  the  entire  VAS.  Such  continued  cooperation  is  vital  for  a 
growing  VJAS. 

Respectfully  submitted, 

E.  L.  Wisman,  Director 


SCIENCE  TALENT  SEARCH 

The  1965  Virginia  Science  Talent  Search  as  conducted  by  the  Sci¬ 
ence  Talent  Search  Committee  of  the  Virginia  Academy  of  Science. 

All  who  competed  in  the  24th  Annual  Science  Talent  Search  for  the 
Westinghouse  Science  Scholarships  and  Awards  (1965)  as  conducted  by 
the  Science  Clubs  of  America  are  automaticallv  considered  in  the  Vir¬ 
ginia  Science  Talent  Search.  This  year  83  teacher-sponsors  from  80  high 
schools  in  the  state  of  Virginia  requested  925  examination  forms.  140 
entries  were  received  by  Science  Clubs  of  America  which  represented  47 
different  high  schools.  From  the  140  Virginia  entries,  15  were  selected 
in  the  National  Honors  Groups.  These  15  represented  11  different  high 
schools.  One  of  these  11  was  selected  as  a  National  Winner. 

At  the  state  level  the  140  entries  were  again  screened  by  a  Read¬ 
ing  Committee  and  the  top  45  entries  were  selected.  These  students 
were  invited  as  guests  of  the  Virginia  Academy  of  Science  to  the  Annual 
meeting  of  the  Virginia  Academy  of  Science,  held  this  year  at  the  Hotel 
John  Marshall  in  Richmond,  May  5-8,  1965.  On  Thursday,  May  6th, 
these  students  were  interviewed  by  a  special  Interview  Committee  and 
15  of  the  top  students  were  selected  and  designated  as  State  Winners. 

E.  V.  Russell,  Chairman 
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SCIENCE  EDUCATION  IN  VIRGINIA  COMMITTEE 


The  main  efforts  of  the  Committee  were  directed  towards  arranging 
a  conference  on  “Planning  for  Technical  and  Scientific  Post  High  School 
Education  in  Virginia.”  The  conference  was  held  on  Saturday,  May  8th, 
during  the  Annual  meeting  of  the  Academy  and  was  reasonably  well  attend¬ 
ed.  The  Committee  greatly  appreciates  the  wonderful  cooperation  it 
received  from  all  participants.  For  the  official  program,  the  April  issue 
of  the  Virginia  Journal  of  Science  should  be  consulted. 

We  hope  that  the  Conference,  in  addition  to  making  our  Academy 
members  more  aware  of  the  State’s  educational  programs,  may  also  have 
brought  the  Academy  and  the  various  educational  divisions  of  the  State 
closer  together. 

Dr.  John  C.  Forbes,  Chairman 


REPORT  OF  HISTORY  OF  SCIENCE  IN  VIRGINIA  COMMITTEE 

Dr.  Rowlett  has  been  able  to  enlist  the  most  welcome  aid  of  Dr.  H. 
R.  Hanmer  in  editing  the  History  manuscript,  and  because  of  his  assist¬ 
ance  the  work  on  it  can  be  accelerated.  On  the  other  hand,  the  just- 
discovered  President’s  files  contain  much  material  that  must  be  read  and 
evaluated.  Furthermore,  it  is  the  opinion  of  the  Committee  that  the 
manuscript  should  be  brought  up  to  date  before  publication.  But  the  real 
test  is  that  the  work  is  progressing. 

The  Council  approved  the  assignment  of  the  Presidents’  files  —  all 
but  the  last  consecutive  ten  years  —  to  the  Academy  Archives,  now  located 
in  the  Virginia  Institute  for  Scientific  Research  in  Richmond. 

Only  15  men  out  of  70  have  not  been  identified  in  the  1925  Academy 
photograph.  Dr.  A.  Hughlet  Mason  has  been  most  valuable  in  track¬ 
ing  down  the  elusive  identifications. 

The  Finance  Committee  is  retaining  in  its  budget  the  amount  allocated 
to  the  publishing  of  the  History. 

Respectfully  submitted, 

Isabel  Boggs,  Chairman 
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REPORT  OF  THE  LANG-RANGE  PLANNING  COMMITTEE 

During  the  past  year  the  committee  concerned  itself  with  a  large 
number  of  items  referred  to  it  during  the  year  by  the  Council. 

STATE  SCIENCE  MUSEUM  COMMITTEE.  -  The  Committee 
recommended  to  the  Council  that  a  permanent  committee,  responsible 
to  the  President  and  the  Council,  be  established  for  the  purpose  of  foster¬ 
ing,  encouraging,  and  formulating  efforts  in  the  establishment  of  a  State 
Science  Museum.  This  recommendation  was  accepted  by  the  Council 
with  an  ad  hoc  Museum  Committee  of  the  Long-Range  Planning  Com¬ 
mittee  as  nucleus  for  the  new  Museum  Committee. 

SCIENCE  EDUCATION  IN  VIRGINIA.  -  The  Long-Range  Plan¬ 
ning  Committee  met  in  joint  session  with  the  Science  Education  in  Vir¬ 
ginia  Committee  of  the  Academy  and  joined  with  this  Committee  in  rec¬ 
ommending  to  the  Council  the  sponsorship  of  a  conference  or  symposium 
on  resources  for  science  education.  Through  the  efforts  of  the  Science 
Education  in  Virginia  Committee,  and  others,  such  a  conference,  “Plan¬ 
ning  for  Technical  and  Scientific  Post-High-School-Education”,  is  taking 

place  as  part  of  the  Forty-Third  Annual  Meeting  of  the  Academy - 

here  on  Saturday,  May  8. 

OTHER  MATTERS.  —  The  Long-Range  Planning  Committee  now 
has  under  consideration  ways  to  increase  the  effectiveness  of  the  Academy 
to  the  membership,  to  the  community,  intersectional  relationships  in  the 
Academy,  and  the  possible  advisability  of  the  addition  of  new  Academy 
sections  —  such  as  one  for  Space  Sciences  and  Technology,  and  one  on 
Marine  Sciences  and  Technology. 

The  Chairman  of  the  Long-Range  Planning  Committee  takes  this 
opportunity  to  thank  the  members  of  the  Committee  for  their  faithful 
service  and  valuable  counsel  throughout  the  year. 

Herbert  McKennis,  Jr.,  Chairman 
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SECTION  OF  AGRICULTURAL  SCIENCE 


E.  A.  Borchers,  Chairman  T.  J.  Marlowe,  Secretary 

J.  H.  Wilson,  Jr.,  Chairman-Elect  J.  C.  Jones,  Section  Editor 

SUMMER  GAINS  AND  FALL  WEIGHTS  OF  BEEF  COWS 
IN  1964  AS  AFFECTED  BY  PREGNANCY  STATUS, 
LACTATION  STATUS,  AGE  AND  INBREEDING 

K.  P.  Bovard  and  B.  M.  Priode 

Virginia  Polytechnic  Institute  and  U.  S.  Department  of  Agriculture 
Front  Royal,  Virginia 

Summer  gains  from  Mav  to  October  were  96  lbs.  per  head  for  493 
Angus,  Shorthorn  and  Hereford  cows  in  the  1964  breeding  herds  at  the 
Beef  Cattle  Research  Station,  Front  Royal,  Virginia.  They  weighed  an 
average  of  976  lbs.  in  October.  Cows  diagnosed  pregnant  were  38  lbs. 
heavier  at  that  time  than  those  diagnosed  not  pregnant;  cows  nursing 
calves  until  October  were  77  lbs.  lighter  than  non-lactating  cows.  Each 
additional  one  percent  inbreeding  decreased  Shorthorn  cows’  summer  gains 
1.65  lbs.  (P  <  .01);  inbreeding  was  non-significant  in  Angus,  and  not 
considered  in  Herefords.  Linear  and  quadratic  effects  of  age  of  cow 
were  unimportant  in  Angus,  but  highly  significant  in  the  other  two  breeds. 
The  standard  error  of  a  prediction  of  either  summer  gain  or  fall  weight 
using  spring  weight  and  the  preceding  criteria  was  ±  62  lbs. 


THE  EFFECT  OF  VARIOUS  ENVIRONMENTAL  FACTORS 
ON  THE  HERBICIDAL  ACTIVITY  OF  EPTC 

Joseph  C.  Cialone 
Virginia  Truck  Experiment  Station 

EPTC  (ethyl  N,N-di-n-propylthiolcarbamate)  has  been  used  for  pre¬ 
emergence  weed  control  in  Irish  potatoes  and  beans.  In  much  of  the 
early  testing  of  this  compound  it  was  found  that  unless  irrigation  or  soil 
incorporation  was  employed  after  spraying,  inconsistent  weed  control  re¬ 
sulted.  Studies  were  begun  in  1960  to  determine  the  effects  of  various 
environmental  factors  on  the  activity  of  EPTC.  It  was  found  that  soil 
type,  temperature,  rainfall,  method  of  application  and  formulation  type 
influenced  the  weed  control  obtained.  The  most  important  single  fac- 
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tor  affecting  the  performance  of  undisturbed  surface  applications,  however, 
was  the  moisture  level  present  in  the  surface  layers  of  soil  at  the  time 
of  chemical  application.  When  the  soil  surface  was  dry,  at  the  time  of 
spraying,  good  weed  control  was  obtained.  In  contrast  to  this,  applica¬ 
tions  to  moist  soil  resulted  in  poor  weed  control.  Using  various  bio-assay 
procedures,  it  was  found  that  EPTC  applied  to  dry  soil  was  held  tightly 
by  the  soil  particles,  while  that  applied  to  moist  soil  volatilized  very 
rapidly  from  the  moist  soil  surface.  Results  indicate  that  irrigation  or 
soil  incorporation  applied  immediately  after  EPTC  application  reduced 
the  amount  of  chemical  lost  by  volatilization.  In  addition,  polyethylene 
mulch  and  petroleum  mulch  sprays  applied  after  EPTC  application  in¬ 
creased  the  activity  of  the  chemical  under  field  conditions. 


COPPER  AND  ZINC  DEFICIENCY  INVESTIGATIONS  WITH  WHEAT 
AND  SOYBEANS  IN  SOUTHEASTERN  VIRGINIA 

D.  L.  Hallock 

Virginia  Agricultural  Experiment  Station,  Holland 

This  investigation  was  initiated  in  response  to  reports  of  possible 
copper  deficiency  in  wheat  and  other  crops  grown  on  soils  containing 
considerable  organic  matter.  Copper  and  zinc  sulfates,  at  15  pounds  per 
acre  each,  were  broadcast  in  February,  1962  on  replicated  plots  of  wheat 
located  on  5  farm  sites  near  the  Dismal  Swamp  area  of  Virginia.  Soy¬ 
beans  were  planted  after  the  wheat  was  harvested  in  June.  No  wheat 
or  soybean  yield  response  was  observed  from  the  copper  or  zinc  amend¬ 
ments.  Wheat  yields  of  37,  32,  29,  and  25  bushels  per  acre,  and  soy¬ 
bean  yields  of  39,  29,  39,  and  38  bushels  per  acre  were  obtained  on 
the  Woodstown  fine  sandy  loam,  Fallsington  sandy  loam,  Portsmouth 
mucky  loam  (2  sites)  and  Portsmouth  loam  sites,  respectively.  The  cop¬ 
per  contents  of  wheat  stover  just  prior  to  heading  averaged  4.56  ppm 
for  the  copper  treated  plots  and  3.69  ppm  for  the  check  plots. 

These  results  indicate  that  copper  or  zinc  deficiency  is  not  a  prob¬ 
lem  of  widespread  importance  in  southeastern  Virginia  at  present.  (Grate¬ 
ful  acknowledgment  is  made  to  Mr.  Nelson  Price,  Biochemistry  Depart¬ 
ment,  V.P.I.,  for  the  Cu  analyses). 


304 


The  Virginia  Journal  of  Science 


[September 


PRICE  ELASTICITIES  AND  PRICE  FLEXIBILITIES: 
APPLICATIONS  AND  LIMITATIONS 

Olman  Hee 

Economic  and  Statistical  Analysis  Division,  U.S.D.A.,  Washington 

Price  elasticities  and  price  flexibilities  as  measures  of  price-consump¬ 
tion  and  price-supply  relationships  can  help  workers  in  farm  organizations, 
industry  and  government  make  sounder  decisions.  These  measures  facili¬ 
tate  comparisons  among  commodities  and  reveal  important  differences  in 
demand.  For  example,  elasticity  measures  permit  division  of  commodities 
into  two  broad  groups,  (1)  those  having  an  elastic  demand  and  (2)  those 
with  an  inelastic  demand.  From  this  information  we  can  evaluate  con¬ 
sequences  of  production  and  price  changes  for  different  commodities  on 
income  to  producers.  In  the  case  of  inelastic  demand,  a  large  crop, 
accompanied  by  a  more  than  proportionate  chop  in  price,  reduces  total 
returns.  For  commodites  having  an  elastic  demand,  an  increase  in  pro¬ 
duction,  accompanied  by  a  less  than  proportionate  decrease  in  price, 
increases  total  returns.  Although  the  demand  for  farm  products  as  a 
group  tends  to  be  inelastic,  the  degree  of  elasticity  varies  among  indi¬ 
vidual  commodities  and  depends  on  (1)  the  number  of  uses  for  the  com¬ 
modity,  (2)  the  number  and  closeness  of  substitutes  and  (3)  importance 
of  the  expenditure  for  that  food  in  relation  to  the  food  budget. 


THE  INFLUENCE  OF  SOILS  AND  STRATIGRAPHY  ON  THE 
FUNCTION  OF  FARM  PONDS,  WELLS,  AND  SEPTC  TANK 
DRAINFIELD  SYSTEMS  IN  SOUTHEASTERN  CHESTERFIELD 
COUNTY,  VIRGINIA 

Robert  L.  Hodges  and  William  J.  Edmonds 
Department  of  Agronmy,  Virginia  Polytechnic  Institute 

An  understanding  of  the  thickness,  composition  and  arrangement 
of  strata  in  local  areas  of  the  Coastal  Plain  is  necessary  in  order  to  make 
an  accurate  soil  survey.  This  understanding  can  be  helpful  also  in  more 
accurate  location  of  suitable  sites  for  farm  ponds,  septic  tank  drainfield 
svtsems,  and  adequate  aquifers  for  suburban  and  rural  wells.  Data  from 
soil  and  geologic  maps,  ploted  in  reference  to  United  States  Geological 
Survey  topographic  contour  lines,  revealed  a  pattern  between  geologic 
strata,  soils,  and  the  proper  function  or  failure  of  farm  ponds  and  septic 
tank  drainfield  systems.  Knowledge  of  the  sequence  and  depth  of  geologic 
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strata  enabled  the  authors  to  predict  depth  to  water  in  several  wells  and 
to  indicate  areas  of  possible  contamination  of  drinking  water.  Princi¬ 
ples  found  in  this  study  are  applicable  to  other  local  areas  in  the  Coastal 
Plain,  and  other  geologic  provinces  in  Virginia,  provided  accurate  soil, 
geologic,  and  topographic  maps  are  available  . 


LAYING  HOUSE  PERFORMANCE  AS  AFFECTED  BY  ZINC 
BACITRACIN  WHEN  USED  FOR  VARYING  PERIODS 
OF  THE  BIRDS  LIFE 

C.  E.  Holmes,  E.  L.  Wisman,  and  C.  Y.  Kramer 
Virginia  Polytechnic  Institute 

The  study  presented  was  designed  to  obtain  information  on  the  lay¬ 
ing  house  performance  as  affected  by  Zinc  Bacitracin  when  used  for  vary¬ 
ing  periods  of  the  birds  life.  The  varying  periods  were  0-8,  0-51,  0-78, 
8-51,  8-78  and  51-78  weeks  of  age  compared  to  controls  that  had  never 
been  fed  the  antibioitc.  Variables  studied  were  egg  production,  egg 
weight,  feed  conversion,  body  weight  changes  and  mortality.  Laying 
house  performance  data  were  gathered  for  fourteen  28  day  periods,  a 
total  of  392  days.  Commercial  hybrids  of  White  Leghorn  type  were 
used.  The  starter  diets,  calculated  to  contain  20  percent  protein  and 
1270  Calories  metabolizable  energy  per  pound,  were  fed  free  choice  from 
0  to  8  weeks  to  the  1700  day-old  pullet  chicks.  The  grower  diets,  con¬ 
taining  16  percent  protein  and  1280  Calories  metabolizable  energy  per 
pound,  were  fed  free  choice  from  8  to  22  weeks.  The  laying  diets,  con¬ 
taining  16.5  percent  protein  and  1360  Calories  metabolizable  energy  per 
pound,  were  fed  free  choice  from  22  weeks  of  age  to  the  1392  pullets  in 
the  laying  pens.  Oyster  shell  was  fed  free  choice  starting  at  16  weeks 
of  age.  Except  for  the  first  4  weeks  of  the  chicks  life,  when  Zinc  Bacit¬ 
racin  was  fed  as  200  grams  per  ton  of  diet  at  all  other  times  it  was  included 
at  the  rate  of  4  grams  per  ton.  Significant  findings  were  larger  body 
weights  at  8  and  12  weeks  of  age  for  those  pullets  that  either  had  the 
antibiotic  continuously  or  up  to  8  weeks  of  age.  Egg  production,  egg 
weight,  feed  per  dozen  eggs,  mortality  and  body  weight  changes  during 
the  56  weeks  of  the  total  laying  period  were  not  significantly  affected 
by  the  presence  or  absence  of  Zinc  Bacitracin  for  the  varying  periods  of 
the  birds  life. 
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STUDIES  ON  THE  NEMATODE  LUNGWORM  TROGLOSTRONGY- 
LUS  WILSONI  (STOUGH,  1953  SARMIENTO  AND  STOUGH,  1956 

Herbert  L.  Klewer 
Virginia  Polytechnic  Institute 

Troglostrongylus  wilsoni  was  described  in  1956  by  Sarmiento  and  Stough 
(J.  Parasitol.  42:  45-48).  Since  that  time  42  bobcats  have  been  collected 
from  nine  counties  in  Virginia.  Thirty-five  (42  percent)  of  these  ani¬ 
mals  were  infected  with  this  parasite.  The  parasites  were  usually  located 
in  the  main  bronchi  (particularly  of  the  diaphragmatic  lobe)  and  found 
in  groups  of  8  to  57.  When  life  cycle  studies  were  carried  out,  it  was 
found  that  larval  development  took  place  in  the  European  garden  slug, 
Limax  maximus.  At  normal  room  temperature,  a  first  molt  occurred  by 
the  fifth  day,  and  a  second  was  completed  by  the  seventh  day.  On  the 
eighth  day  a  third  molt  had  taken  place.  The  larvae  were  free  of  their 
cutieular  sheaths  and  were  infective.  The  laboratory  white  mouse  serves 
as  a  transport  host  for  this  parasite.  Larvae  migrated  through  the  body 
and  incited  granulomatous  lesions  in  various  skeletal  muscles,  liver  and 
lungs.  The  larvae  were  frequently  found  in  the  brain,  but  no  granulo¬ 
matous  lesions  were  obserevd  in  this  organ.  Young  cats  were  infected 
with  third,  infective  stage  larvae  from  both  the  slug  and  the  mouse  trans¬ 
port  host.  Young  adult  parasites  were  recovered  from  the  cats. 


CORN  RESPONSE  TO  FERTILIZATION  ON  CONGAREE  LOAM 

J.  A.  Lutz,  Jr.,  P.  H.  Hoepner,  G.  D.  Jones,  and  J.  E.  Moody 
Virginia  Polytechnic  Institute 

An  experiment  has  been  conducted  for  two  years  on  the  same  plots 
on  Congaree  loam  to  measure  the  economical  production  of  corn.  The 
soil  had  an  organic  matter  content  of  1.7%  and  70  and  172  pounds  per 
acre  of  P205  and  K20  respectively.  Five  levels  each  of  N,  P205  and 
K20  were  applied  in  a  central  conroosite  design.  Three  of  the  six  repli¬ 
cates  were  irrigated  when  necessary.  Silage  and  grain  yields  were  meas¬ 
ured.  There  was  an  excellent  response  to  nitrogen  in  both  years,  no 
response  to  P2Og  in  either  year  and  a  response  to  K20  in  1964  only. 
Grain  yields,  where  no  nitrogen  had  been  applied  for  two  years,  were 
in  excess  of  110  bushels  per  acre.  Yields  were  in  excess  of  170  bushels 
per  acre  where  no  phosphate  was  applied  for  two  years.  Maximum  yields 
of  178  and  191  bushels  per  acre  were  obtained  on  non-irrigated  and 
irrigated  plots  respectively.  Irrigation  increased  yields  in  both  years  but 
not  economically  so.  Assuming  nitrogen  at  12  cents  per  pound  and  corn 
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at  $1.20  per  bushel,  the  most  profitable  levels  of  fertilization  in  1964  on 
non-irri gated  plots  was  154  and  77  pounds  per  acre  of  N  and  KsO  respec¬ 
tively,  while  on  irrigated  plots  it  was  152  pounds  of  N  and  104  pounds 
of  K20.  With  nitrogen  at  the  same  price  and  corn  silage  at  $6.00  per 
ton,  the  most  profitable  level  of  fertilization  on  non-irrigated  plots  was 
131  and  75  pounds  per  acre  of  N  and  K20  respectively.  On  irrigated 
plots  the  most  profitable  levels  of  N  and  KoO  were  183  and  112  pounds 
per  acre  respectively. 


LOCK  TYPE,  FOLLICULAR  CHARACTERISTICS  AND  MEDULLA- 
TION  IN  TEXAS  AND  SOUTH  AFRICAN  ANGORA  DOES 

Lubow  A.  Margolena 

Animal  Husbandry  Research  Division,  ARS,  USD  A,  Beltsville,  Maryland 

A  study  on  the  relation  of  ringlet,  straight  and  flat  type  lock  with 
follicular  characteristics  has  been  carried  out  with  11  American  and  9 
South  African  skin  biopsies.  The  observations  included  density,  follicu¬ 
lar  disposition  and  medulla tion,  as  well  as  diameters  of  mohair  of  the  cor¬ 
responding  locks. 


MODE  OF  REPRODUCTION  OF  THE  UNDESCRIBED  HORSE- 
NETTLE  AND  OSBORNE’S  CYST  NEMATODES 

Lawrence  I.  Miller  and  Betty  J.  Gray 
Virginia  Agricultural  Experiment  Station,  Holland 

The  horsenettle  (HCN)  and  Osborne’s  (OCN)  cyst  nematodes  are 
bisexual.  To  determine  whether  reproduction  can  occur  in  these  two 
cyst-forming  nematodes  without  males,  the  roots  of  1  lot  of  100  horse- 
nettle  ( Solanum  carolinense)  seedling  were  each  inoculated  with  1  sexual¬ 
ly  undifferentiated  larva  of  the  HCN  and  a  lot  of  another  100  seedlings 
with  1  OCN  larva  each.  After  7  weeks,  22  females  were  observed  on 
roots  infested  with  HCN  larvae  and  8  females  on  roots  infested  with  the 
OCN  larvae,  but  no  eggs  developed  in  the  uteri  of  the  females  of  either 
nematode  and  the  females  were  smaller  in  size  than  normal.  These 
results  indicate  that  reproduction  in  the  HCN  and  OCN  is  not  hermaphro¬ 
ditic  or  partheno genic.  When  the  roots  of  100  horsenettle  seedlings  were 
inoculated  with  2  larvae  each  of  the  HCN,  4  of  the  15  females  obtained 
were  of  normal  size  and  had  sperm  in  their  spermatheca  and  embryonated 
eggs  in  their  uteri.  When  100  horsenettle  seedlings  were  inoculated  with 
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2  larvae  each  of  the  OCN,  4  of  the  8  females  obtained  were  of  normal 
size  and  had  sperm  in  their  spermatheca  and  embryonated  eggs  in  their 
uteri.  Since  HCN  and  OCN  females  with  embryonated  eggs  were  not 
produced  unless  they  had  sperm  in  their  spermatheca,  it  is  concluded 
that  reproduction  of  both  nematodes  is  by  cross  fertilization. 


SOME  FACTORS  THAT  INFLUENCE  THE  SALE  PRICE  OF 
VIRGINIA  PERFORMANCE  TESTED  BULLS 

George  A.  Morrow  and  Thomas  J.  Marlowe 
Virginia  Agricultural  Experiment  Station,  Blacksburg 

Records  on  544  Angus,  Plorned  Hereford,  and  Polled  Hereford  bulls 
which  were  performance  tested  and  sold  at  Culpeper,  Virginia  during  the 
period  1959-1965,  were  analyzed  by  least-squares  analysis  to  estimate  the 
degree  of  influence  certain  factors  had  on  sale  price.  Factors  studied 
were  (1)  year,  (2)  breed,  (3  )  herd  from  which  bulls  came,  (4)  dwarf¬ 
ism  status,  (5)  masculinity  development,  (6)  age,  (7)  weight,  (8)  grade 
(type  score),  (9)  lifetime  average  daily  gain  (ADG),  (10)  ADC  on 
ROP  test,  (11)  preweaning  ADG,  (12)  preweaning  index,  (13)  lifetime 
index,  and  (14)  selected  interactions.  Since  the  index  includes  both 
ADG  and  grade  it  was  necessary  to  do  two  analyses,  one  to  include  ADG 
and  grade  separately  and  the  other  to  combine  them  in  an  index.  Anal¬ 
ysis  I  included  factors  (1)  through  (11)  and  (14),  whereas  analysis  II 
included  (1)  through  (7),  (12),  (13),  and  (14).  Factors  (1),  (2),  (3), 
(6),  (8)  and  (9)  all  had  a  significant  influence  on  sale  price  while 
(5)  approached  significance.  This  study  indicates  that  the  primary  fac¬ 
tors  considered  by  buyers  when  purchasing  a  performance  tested  bull 
within  a  particular  year  and  breed  were  grade  (type  score),  age,  life¬ 
time  ADG,  and  herd  from  which  the  bull  came.  Buyers  paid  little  atten¬ 
tion  to  preweaning  performance,  dwarfism  or  weight  at  sale  time. 


LOBLOLLY  PINE  SURVIVAL  AND  EARLY  GROWTH  AS 
AFFECTED  BY  HARD  PAN  SOIL  LAYER  IN  IMMOKALEE  SAND 

W.  W.  Moschler,  Robert  E.  Adams  and  H.  C.  Porter 
Virginia  Polytechnic  Institute 

Survival  and  four  year  growth  of  loblolly  pine  on  Immokalee  sand 
was  greater  where  an  organic  matter-iron  hardpan  was  18  to  24  inches 
beneath  the  soil  surface  in  contrast  to  where  the  hardpan  was  3  to  5  feet 
beneath  the  soil  surface.  Survival  of  planted  seedlings  after  4  growing 
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seasons  was  76%  and  100%,  respectively,  for  the  deep  and  shallow  loca¬ 
tions  of  the  hardpan  layer.  Average  tree  height  was  1.2  and  4.6  feet, 
respectively,  for  the  deep  and  shallow  hardpan  locations.  The  hardpan 
laver  itself  was  4  to  8  inches  thick,  dark  brown  to  black,  moist,  and  dense, 
the  density  increasing  markedly  upon  drying.  It  is  theorized  that  the 
hardpan  laver  holds  up  the  water  percolating  downward  through  the  soil, 
rendering  the  root  zone  more  moist. 


POTASSIUM  AVAILABILITY  IN  NASON  SOIL  AS  INFLUENCED 
BY  AMMONIUM  AND  LIME 

L.  W.  Murdock  and  C.  .  Rich 
Virginia  Polytechnic  Institute 

A  greenhouse  experiment  was  established  to  find  if  NH4+  increases 
K  +  availability  when  Nason  silt  loam  is  limed  to  pH  7.0  as  suggested 
by  previous  laboratory  studies.  Two  oat  crops  were  grown  in  soil  at  3 
lime  levels  (1,  5,  and  15  g/1000  g),  2  K  levels  (0  and  0.5  meq/100  g) 
and  2  N  sources  [Mg(N03)2  and  NH,N03]  .  At  high  soil  pH,  potas¬ 
sium  uptake  was  significantly  greater  where  the  N  source  was  NH4N03 
as  compared  to  Mg(N03)2.  The  results  support  soil  extraction  data 
which  show  that  at  about  pH  7.0,  NH4+  ions  are  considerably  more  effi¬ 
cient  in  displacing  K+  from  this  soil  than  are  Mg2+  ions.  It  is  con¬ 
cluded  that  the  smaller  NH4+  ions  are  able  to  penetrate  to  exchange  posi¬ 
tions  not  accessible  to  large  hydrated  Mg2+  ions.  The  results  do  not 
support  an  explanation  of  the  differential  K  uptake  based  on  the  anta¬ 
gonistic  effect  of  Mg2+  ions  on  K+  nor  on  the  basis  of  a  phosphate  re¬ 
sponse  due  to  a  lower  soil  pH  which  NH4N03  fertilization.  Although 
•  K  fixation  occurs  at  high  pH  in  this  soil,  this  fixation  does  not  appear 
to  be  associated  with  greater  collapse  of  expansible  vermiculite.  In  fact, 
it  is  shown  that  liming  caused  the  vermiculite  to  be  less  subject  to  col¬ 
lapse  on  K  saturation.  The  reason  for  the  greater  fixation  at  high  pH 
may  be  that  there  is  less  competition  for  the  specific  sites  by  HsO+ 
ions  and  thus  greater  opportunity  for  selection  of  K+  ions  which  are  of 
similar  size. 


DEVELOPMENT  OF  NEW  SWEET  POTATO  VARIETIES 
T.  J.  Nugent 

Virginia  Truck  Experiment  Station,  Norfolk 

Most  of  the  older  varieties  of  sweet  potatoes  are  of  tropical  or  sub¬ 
tropical  origin.  When  grown  under  our  conditions  in  this  country,  these 
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varieties  would  seldom  bloom  or,  if  they  did,  would  fail  to  set  seed.  Thus, 
new  varieties  and/or  strains  were  obtained  only  by  selections  of  desir¬ 
able  mutations.  Since  most  mutations  are  undesirable,  progress  by  this 
method  was  very  slow.  It  was  not  until  technics  for  inducing  flower¬ 
ing  and  production  of  true  seed  were  developed  that  development  of  new 
varieties  through  a  breeding  program  became  important.  Such  pro¬ 
grams  have  now  become  established  in  many  southern  states.  Goldrush, 
Centennial,  and  Nemagold  varieties,  which  for  the  most  part  are  the 
predominate  varieties  grown  in  this  state  at  the  present  time,  are  a  result 
of  these  breeding  programs.  Tiue  seed  produced  by  self  or  cross  pollina¬ 
tion  are  germinated.  Selected  seedlings  are  field  set  and  those  that 
produce  roots  of  good  shape  and  good  internal  color  are  saved  for  further 
testing.  As  rapidly  as  time  permits,  these  selected  seedlings  are  checked 
for  sprout  production,  yielding  ability,  baking  and  canning  qualities, 
disease  resistance,  etc.  The  few  seedlings  that  may  survive  these  initial 
trials  are  included  in  the  southeastern  sweetpotato  trials  for  further  evalua¬ 
tion.  If  released  as  a  named  variety,  growers,  processors  and  consumers 
determine  their  final  acceptance. 


ROOT-LESION  NEMATODE  DISEASE 
OF  BOXWOOD  AND  ITS  CONTROL 
W.  W.  Osborne  and  W.  R.  Jenkins 

Virginia  Polytechnic  Institute  and 
Department  of  Entomology,  Rutgers  University 

The  root-lesion  nematode,  Pratylenchus  vulnus,  is  frequently  found 
to  be  associated  with  roots  of  declining  boxwood.  Therefore,  tests  were 
conducted  to  evaluate:  (1)  The  role  of  root-lesion  nematodes  in  boxwood 
growth  and  (2)  Materials  and  methods  used  to  suppress  the  root-lesion 
nematode  population  in  boxwood  roots  and  rhizosphere. 

Inoculation  of  2,000  F.  vulnus  onto  uniform  six-month-old  boxwood 
plants,  Buxus  sempervirens  var.  arhorescens,  resulted  in  retarded  plant 
growth  and  bronzing  of  the  foliage.  The  average  increase  in  fresh  weight 
of  plants  318  days  after  treatment  was  as  follows:  control  plants,  29.8 
g;  F.  vulnus  inoculated  plants,  8.7  g.  The  nematode  population  increased 
to  average  27,230  per  plant.  Tissue  damage  was  extensive  in  the  cortex 
where  high  numbers  of  adults,  larvae  and  eggs  were  observed.  The  fol¬ 
lowing  materials  at  specified  rates  per  acre  of  active  ingredient  were 
used  as  soil  treatments  against  F.  vulnus  on  established  boxwood:  DBCP 
(1,  2  dibromo  -3-chloropropane)  at  2  and  4  gallons;  L-30,666  (2-vinyl 
pyridine)  at  4,  8,  and  16  gallons;  zinophos  (0,  0-diethyl  0-2  pyrazinyl 


1965] 


Proceedings  1964-1965 


311 


phosphorothioate )  at  4,  8,  and  16  pounds;  and  marigold,  Tagetes  patula. 
DBCP  at  2  gallons  per  acre  gave  the  best  nematode  control  without  appar¬ 
ent  phytotoxicity.  DBCP,  zinophos,  L-30,666  and  EDB  (1,2  dibromoe- 
thane)  at  concentrations  of  10,000;  1,000;  100;  and  10  ppm  of  active 
ingredient  were  tested  as  a  bare  root  soak  for  20  minutes  to  control  Praty- 
lenchus  vulnus  in  boxwood  roots.  All  materials  were  severely  phytotoxic 
at  10,000  ppm  and  slightly  phytotoxic  at  1,000  ppm.  DBCP  was  the  most 
effective  material  at  the  1,000;  100;  and  10  ppm  concentrations. 

HETEROSIS  IN  CARCASS  CHARACTERISTICS  FROM  BREED 
CROSSING  IN  BEEF  CATTLE 

G.  V.  Richardson,  D.  W.  Vogt,  and  J.  A.  Gaines 
Virginia  Agricultural  Experiment  Station,  Blacksburg 

A  measure  of  hybrid  vigor  in  various  types  of  crossbred  calves,  uncon¬ 
founded  by  heterosis  in  the  dam,  was  the  objective  of  this  experiment. 
Aberdeen- Angus,  Hereford  and  Shorthorn  cows  (40  each)  were  mated  to 
purebred  and  two-breed  cross  bulls  to  produce  approximately  equal  num¬ 
bers  of  straight-bred,  two-breed,  three-breed  and  backcross  calves  each 
year.  Carcass  data  on  five  calf  crops,  produced  from  1957  through 
1961,  were  analyzed  by  least  squares  analyses.  The  straightbred  car¬ 
casses  were  significantly  lighter  than  those  from  two-  and  three-breed 
crosses,  both  steers  and  heifers,  and  were  also  significantly  lighter  than 
the  backcross  heifers.  The  adjusted  longissimus  donsi  muscle  (rib  eye) 
area  for  the  straightbred  steers  were  significantly  smaller  than  those  of 
the  other  three  groups.  The  straightbred  heifers  also  had  the  smallest 
rib  eye  areas;  however,  only  the  three-breed  and  backcross  group  means 
were  significantly  larger.  Differences  among  the  four  main  mating  groups 
in  average  fat  thickness  at  the  12th  rib,  marbling  score  and  conformation 
score  were  not  significantly  different  in  either  the  steers  or  the  heifers. 
Significant  differences  were  not  found  among  the  carcass  length  means 
in  the  heifers;  however,  the  two-and  three-breed  crossbred  steer  car¬ 
casses  were  significantly  longer  than  those  of  the  backcrosses  and  the 
straightbreds. 


FACTORS  AFFECTING  ROP  TEST  PERFORMANCE 
OF  BEEF  BULLS 

Robert  R.  Schalles  and  Thomas  J.  Marlowe 
Virginia  Agricultural  Experiment  Station,  Blacksburg 

Data  collected  on  634  Angus,  Polled  Hereford  and  Horned  Here- 
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ford  bulls  which  had  completed  140-day  ROP  tests  at  Culpeper  were 
analyzed  by  least  squares  analysis  of  variance  to  determine  the  effects 
of  various  characteristics  on  several  performance  traits.  Factors  studied 
were  the  effects  of  3  breeds,  239  sires  within  breeds,  6  years,  3  masculi¬ 
nity  ratings,  3  levels  of  probability  of  carrying  the  snorter  dwarf  gene, 
age  of  dam,  preweaning  type  score,  beginning  test  age,  pretest  average 
daily  gain  (ADG)  and  selected  interactions.  Performance  traits  included 
ADG  from  birth  to  end  of  ROP  test,  ADG  while  on  ROP  test,  365-day 
weight  and  end  of  test  type  score.  The  only  significant  interactions  were 
breed  x  masculinity  on  ROP  test  gains  and  type  x  dwarfism  on  type  score. 
Pretest  ADG  was  the  only  factor  studied  which  significantly  affected 
the  ADG  from  birth  to  end  of  ROP  test.  Sire,  pretest  ADG  and  breed 
x  masculinity  score  interaction  all  significantly  influenced  ADG  while  on 
140-day  test.  Year,  age  of  dam,  beginning  test  weight  and  pretest  ADG 
all  influenced  significantly  the  365  day  weight.  Type  score  at  the  end 
of  test  was  significantly  influenced  bv  sire,  masculinity  development,  pre¬ 
weaning  type,  beginning  test  age,  pretest  ADG  and  the  interaction  between 
dwarfism  status  and  preweaning  type.  The  model  used  was  highly  effec¬ 
tive  in  accounting  for  the  variance  among  bulls  tested. 


EFFECT  OF  NITROGEN  ON  ORGANIC  FOOD  RESERVES  AND 
SOME  PHYSIOLOGICAL  RESPONSES  OF  BENTGRASS  AND 
BERMUDAGRASS  GROWN  UNDER  VARIOUS  TEMPERATURES 

R.  E.  Schmidt  and  R.  E.  Blaser 
Virginia  Polytechnic  Institute 

Bermudagrass  and  bentgrass  were  grown  45  days  at  50,  70,  and  90  °F. 
with  high  and  low  N  fertility.  Total  and  protein  N  were  highest  in 
bermuda  at  50  and  70°  F.  and  in  bent  at  90°  F.  Bermuda  rhizomes 
subjected  to  50°  F.  were  higher  in  acid  extractable  carbohydrate  (AEG) 
than  those  at  higher  temperatures.  Bermuda  stolons  and  leaves  were  not 
affected  by  temperature.  Bent  stolons  and  leaf  AEG  decreased  as  tem¬ 
peratures  increased.  The  ethanol  extractable  portion  of  AEG  was  greater 
in  bent  than  in  bermuda.  Clipping  weights  increased  with  temperature, 
especially  with  bermuda.  Yield  of  bent  roots  increased  as  temperature 
decreased.  Bermuda  roots  developed  best  at  70°  F.  and  poorest  at  50°  F. 
Net  assimilation  rate  was  largest  at  70°  F.  for  both  grasses  and  small¬ 
est  at  50  and  90°  F.  for  bermuda  and  bent,  respectively.  High  N  rate 
incerased  respiration,  net  assimilation  rate,  clipping  weights,  and  total 
protein  N,  but  decreased  root  weights  and  reserve  carbohydrates. 
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VARIATION  OF  SITE  INDEX  OF  YELLOW  POPLAR  ON  FIVE 
SOUTHWESTERN  VIRGINIA  SOIL  TYPES 
David  H.  Van  Lear 

Virginia  Agricultural  Experiment  Station,  Blacksburg 

A  study  was  made  to  determine  usable  correlations  between  individual 
soil  types  and  the  site  index  of  Yellow  Poplar  on  five  southwestern  Vir¬ 
ginia  soil  types.  Data  were  analyzed  to  obtain  the  ranges  of  site  index, 
variances,  standard  deviations,  and  standard  errors  for  each  soil  type. 
An  analysis  of  variance  was  conducted  to  determine  significant  differ¬ 
ences  among  soil  type  means.  Tests  also  were  made  to  determine  signif¬ 
icant  differences  between  pairs  of  soil  type  means.  The  results  showed 
that  the  site  index  of  Yellow  Poplar  varied  too  widely  within  the  five 
soil  types  studied  to  be  of  practical  use  to  the  forest  manager.  There 
were  few  or  no  significant  differences,  depending  upon  the  probability 
level  and  the  test  used,  among  the  means  of  the  soil  types.  The  rea¬ 
sons  for  the  wide  variation  of  site  index  within  a  particular  soil  type  are 
discussed. 


THE  SCALE  INSECTS  OF  VIRGINIA 

Dennis  F.  Vest  and  Michael  Kosztarab 
Virginia  Polytechnic  Institute 

Since  the  introduction  of  the  San  Jose  scale  into  the  United  States 
from  China  in  1880  scale  insects  have  become  serious  pests  of  ornamen¬ 
tals,  fruit,  and  shade  trees.  To  date  148  species  of  scale  insects  belong¬ 
ing  to  59  genera  and  10  families  have  been  found  in  Virginia.  Collec¬ 
tions  and  files,  both  governmental  and  personal,  thought  to  contain  scale 
insects  and  pertinent  information  were  examined.  Determinations  were 
evaluated  through  material  that  could  be  found.  It  was  not  possible  to 
verify  some  of  the  earlier  determinations  and  these  were  considered  ques¬ 
tionable.  A  few  were  rejected  due  to  inadequate  information.  Dry  mate¬ 
rial  was  mounted  on  slides,  and  then  determined.  Mounting  techniques 
used  were  similar  to  those  employed  by  workers  at  the  National  Collec¬ 
tion  of  Coccoidea  in  the  United  States  Department  of  Agriculture.  A 
new  modified  technique  was  successfully  introduced.  A  coccid  collec¬ 
tion  and  a  host  file  on  the  Virginia  scale  insects  was  established  in  the 
Department  of  Entomology  at  the  Virginia  Polytechnic  Institute.  With 
the  basic  information  and  material  now  gathered,  it  will  be  possible  to 
conduct  studies  on  the  taxonomy  and  life  histories  of  the  less  known 
species  of  scale  insects  in  Virginia. 
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VARIATION  IN  DEVELOPMENT  OF  ELEVEN  ISOLATES  OF  THE 
SOYBEAN  CYST  NEMATODE,  HETERODERA  GLYCINES,  ON 

SEVEN  LEGUMES 

Nancy  T.  Whitfield,  Paul  L.  Duke,  and  Lawrence  I.  Miller 
Virginia  Agricultural  Experiment  Station,  Holland 

Isolates  of  the  soybean  cyst  nematode  from  4  different  farms  in  Vir¬ 
ginia  and  from  1  farm  in  each  of  7  other  states  were  tested  to  deter¬ 
mine  their  ability  to  develop  egg- bearing  females  in  interaction  with  7 
different  legumes.  The  experiment  was  conducted  in  the  greenhouse  in 
July  and  August  of  1964  and  the  air  temperatures  were  75°  —  85°  F. 
On  Lee  soybean  all  of  the  isolates  developed  numerous  females.  On 
Korean  lespedeza  all  of  the  isolates  developed  numerous  females,  except 
the  Va.  4,  Ark.  1,  and  Ky.  1  isolates  which  formed  only  a  medium  num¬ 
ber  of  females.  On  adzuki  bean  the  Va.  1,  Va.  4,  N.C.  1,  Mo.  1,  Ark.  1, 
and  Ill.  1  isolates  developed  numerous  females,  but  the  Va.  2,  Va.  3 
Tenn.  1,  Miss.  1,  and  Ky.  1  isolates  formed  only  a  few  females.  On 
vellow  sweetclover  none  of  the  isolates  developed  females,  except  the 
N.C.  1  isolate  which  produced  a  few  females  and  the  Ill.  1  isolate  which 
produced  a  medium  number  of  females.  On  button  clover  none  of  the 
isolates  developed  females,  except  N.C.  1  which  formed  a  few  females. 
None  of  the  isolates  developed  females  on  black  medic  or  on  Ladino 
white  clover.  The  Ill.  1  isolate  developed  females  in  interaction  with 
more  of  the  7  legumes  than  any  other  culture,  whereas  the  Ky.  1  isolate 
proved  to  be  the  most  a  virulent  culture. 


A  PROMISING  NEW  EXPERIMENTAL  NEMATOCIDE  CANDI¬ 
DATE  FOR  THE  CONTROL  OF  PLANT  PARASITIC 
NEMATODES 

John  H.  Wilson,  Jr.,  Thomas  M.  Melton,  and  Charles  R.  Downing 
V-C  Chemical  Company,  Richmond 

V-C  9-104  (O-ethyl  S,  S-dipropl  phosphorodithioate)  is  a  promising 
new  contact  type  organic  phosphate  chemical  for  the  control  of  plant 
parasitic  nematodes.  In  laboratory,  greenhouse,  and  field  tests  V-C  9-104 
has  effectively  controlled  root  knot,  Meloidogyne  sp;  lesion,  Pratylenchus 
sp;  spiral,  Helicotylenchus  sp;  sting,  Belonolaimus  sp;  and  other  parasitic 
nematode  species.  V-C  9-104  gave  excellent  control  of  nematodes  attack¬ 
ing  tomato,  tobacco,  cotton,  corn,  soybeans  and  peanuts  at  4  to  8  pounds 
active  per  acre  as  a  soil  incorporation  treatment.  As  a  drench  treatment 
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V-C  9-104  effectively  penetrated  the  soil  and  controlled  nematodes  on  plants 
growing  in  infested  soil  at  8  to  16  lbs.  per  acre  rates.  As  a  root  dip  the 
compound  controlled  root  knot  nematodes  on  Japanese  Holly,  Ilex  crenata, 
when  infested  plants  were  dipped  in  a  0.1%  concentration  for  10  minutes. 
V-C  9-104  combines  the  properties  of  being  (1)  toxic  to  nematodes  at 
low  concentrations,  (2)  non-phytotoxic  to  living  plants,  (3)  good  soil 
penetration,  and  (4)  long  residual  activity. 


GENETIC  PARAMETERS  OF  GROWTH  TRAITS  IN  SHEEP 

R.  L.  Wilson,  R.  C.  Carter,  and  D.  W.  Vogt 
Virginia  Agricultural  Experiment  Station,  Blacksburg 

Genetic  parameters  were  estimated  on  350  single  lambs  from  87  sire 
families  by  paternal  half-sib  analysis,  and  on  534  twin  lambs  from  75 
sire  families  by  full-sib  analysis.  Heritability  was  estimated  in  both  sets 
of  data  by  equating  the  sire  component  of  variance  to  1/4  of  the  addi¬ 
tive  genetic  variance.  Analyses  were  on  a  within  year  basis.  Heritability 
estimates  for  single  lambs  were  as  follows:  birth  wt.  0.31  ±  0.21;  gain 
(birth—50  lb.)  0.25  ±  0.19;  gain  (50  lb.  —  wean.)  0.31  ±  0.21;  gain 
(birth  —  wean.)  0.41  ±  0.22;  and  120  day  wt.  0.57  ±  0.24;  and  those 
for  twin  lambs:  0.03  ±  0.17,  0.12  ±  0.14,  0.21  ±  0.16,  0.13  ±  0.14,  and 
0.12  ±  0.15  for  the  above  traits  respectively.  The  much  smaller  estimates 
from  the  full-sib  data  indicate  large  maternal  effects  and  environmental 
influences  common  to  twins  A  pooled  estimate  was  unjustified  as  dam 
and  sire  components  were  unequal.  Phenotypic  correlations  among  traits 
were  nearly  the  same,  those  for  birth  weight  with  other  traits  being 
slightly  lower  in  full-sib  analysis  than  with  half  sibs.  Genetic  correlations 
obtained  from  half-sib  analysis  were  relatively  high,  .74  and  above,  indi¬ 
cating  that  selection  for  any  of  the  traits  would  result  in  genetic  improve¬ 
ment  in  others.  Such  was  not  the  case  with  full-sib  data  as  genetic  cor¬ 
relations  were  somewhat  lower.  From  the  results  of  these  separate  anal¬ 
yses  it  appears  that  inclusion  of  twins  in  half-sib  analyses  will  exert  more 
bias  than  had  previously  been  suspected. 
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SECTION  OF 

ASTRONOMY,  MATHEMATICS  AND  PHYSICS 

D.  R.  Carpenter,  Jr.,  Chairman  Fred  Crownfield,  Secretary 

J.  W.  Stewart,  Section  Editor  W.  T.  Joyner,  Council  Representative 


A  NEW  VACUUM  VALVE  FOR  ROUGH  PUMPING 

A.  C.  MacDonald 
University  o  f  Virginia 

A  new  vacuum  valve  has  been  designed  with  two  objectives  in  mind. 
Firstly,  to  pump  out  a  chamber  and  leave  it  sealed  with  a  flange.  Sec¬ 
ondly,  that  it  may  be  made  from  inexpensive  plumbing  fittings.  The 
value  consists  of  a  copper  tee  with  a  sliding  flange  inside.  The  chamber 
is  pumped  out  through  a  hole  in  a  flat  plate  and  when  it  is  evacuated 
the  sliding  flange  seals  off  the  chamber  and  the  assembly  is  removed. 
The  valve  can  be  made  with  simple  tools.  Applications  are  envisaged 
in  ordinary  roughing  and  in  vacuum  desiccators  where  one  of  these  valves 
can  be  used  to  pump  and  seal  many  chambers. 


PERTURBATION  OF  THE  DC  CURRENT  IN  A  PENNING 
GAUGE  DISCHARGE  BY  APPLIED  VHF  SIGNALS 

D.  B.  Raiford  and  M.  D.  Holt 
College  of  William  and  Mary 

Our  previous  experiments  (F.  R.  Crownfield,  Jr.,  Proc  VI.  C.I.P.I.G. 
II,  451,  Paris,  1963)  have  been  extended  to  the  measurement  of  changes 
in  the  direct  current  drawn  by  a  Penning  Ionization  Gauge  when  a  VHF 
signal  is  applied  to  the  anode.  The  amplitude  of  these  changes  shows 
resonances  as  a  function  of  frequency;  the  amplitude  of  the  resonance 
is  proportional  to  the  square  of  the  amplitude  of  the  VHF  signal,  and 
the  frequency  appears  to  be  related  to  the  oscillations  reported  in  the 
previous  experiment.  The  current  change  cannot  be  explained  in  terms 
of  the  non-linearity  of  the  DC  characteristic  of  the  discharge  and  shows 
more  structure  than  that  observed  in  ‘‘resonance  probe”  experiments.  Be¬ 
cause  of  the  relation  to  the  oscillations,  we  believe  that  the  resonance  is 
a  property  of  the  whole  discharge  and  not  simply  the  sheath.  (Research 
supported  by  the  National  Aeronautics  and  Space  Administration). 
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OSCILLATION  PROPERTIES  OF  A  PENNING  GAUGE 

M.  D.  Holt  and  D.  B.  Raiford 
College  of  William  and  Mary 

In  extending  our  previous  experiments  (F.  R.  Grownfield,  Jr.,  Proc. 
VI.  G.I.P.I.G.  II,  451,  Paris,  1963)  on  VHF  oscillations  in  a  Penning  Ion¬ 
ization  Gauge,  we  assembled  equipment  to  record  simultaneously  the  fre¬ 
quency  spectrum  of  the  oscillations,  the  discharge  current,  and  the  gas 
pressure.  In  practice  we  have  kept  the  magnetic  field  fixed  and  pro¬ 
grammed  the  anode  voltage  to  follow  the  film  on  which  the  spectrum  is 
recorded.  The  system,  which  should  be  of  use  for  other  experiments, 
will  be  described  and  typical  data  pertaining  to  frequency-voltage  charac¬ 
teristics  will  be  presented  and  discussed.  ( Research  supported  by  the 
National  Aeronautics  and  Space  Administration ) . 


PRECISION  CORRECTION  OF  THE  MAGNETIC  FIELD 
OF  A  LARGE  SYNCHROCYCLOTRON 

R.  T.  Siegel  and  H.  O.  Funsten 
College  of  William  and  Mary 

In  the  elementary  theory  of  cyclotrons,  it  is  generally  assumed  that 
the  magnetic  field  is  azimuthally  symmetric  throughout  the  region  used 
for  particle  acceleration.  In  a  real  cyclotron  magnet,  however,  the  side 
yokes  produce  local  increases  in  field  which  contribute  a  substantial  sec¬ 
ond  harmonic  component.  In  additon,  available  machining  tolerances  and 
structural  effects  (e.g.  bolts )  produce  further  field  errors,  of  which  the 
first  harmonic  is  most  serious,  since  it  causes  a  displacement  of  the  cen¬ 
ter  of  the  particle  orbit  away  fiom  the  geometric  center  of  the  machine. 
The  effect  of  moderate  azimuthal  field  errors  on  the  internal  beam  of  a 
cyclotron  is  neverthelss  small,  at  least  for  radii  such  that  the  field  index 
r  dB 

n  =  —  —  — —  is  less  than  0.2.  However,  if  efficient  acceleration  out 
8  dr 

to  n  =  1  is  anticipated,  it  is  necessary  that  the  first  harmonic  amplitude 
relative  to  the  mean  field  on  any  radius  be  <  1  x  10~4.  These  con¬ 
siderations  led  to  the  suggestion  that  the  field  of  the  Space  Radiation 
Effects  Laboratory  600  Mev  cyclotron  be  corrected  (“shimmed”  by 
fastening  sheets  of  iron  on  the  pole  tips,  or  by  machining  the  pole  sur¬ 
face  in  situ  to  remove  1.5  mils  per  gauss  of  correction.  Since  neither 
of  these  methods  seemed  attractive,  an  extension  of  the  procedure  used 
on  the  Rochester  cyclotron  was  adopted,  and  a  large  array  of  two-inch 
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diameter  holes  was  chilled  into  the  lower  pole  tip  to  effect  the  desired 
changes  in  magnetic  field. 


OPTICAL  PROPERTIES  AND  SURFACE  ACTIVITIES 
OF  FRESH  THIN  METAL  FILMS  DEPOSITED 
IN  ULTRA  HIGH  VACUUM 

J.  H.  Kim  and  H.  Y.  Loh 
Virginia  Polytechnic  Institute 

Thin  copper  and  silver  films  of  various  thickness  have  been  deposited 
in  ultra  high  vacuum.  Their  optical  properties  have  been  studied  before 
and  after  being  exposed  to  air.  The  results  are  consistent  with  those 
obtained  previously  from  films  deposited  in  high  vacuum  but  more  mean¬ 
ingful.  They  seem  to  indicate  that  at  the  time  of  exposure  the  activity 
taking  place  at  the  surface  of  copper  films  is  chiefly  oxidation  and  that 
of  silver  is  chemisorption.  It  is  also  evident  that  the  copper  oxide  forms 
in  layers. 


A  THEOREM  OF  CANTRELL  AND  A  FUNDAMENTAL  GROUP 

P.  H.  Doyle 

Virginia  Polytechnic  Institute 

We  show  that  if  J  is  a  simple  closed  curve  in  S3,  the  3-sphere,  and 
if  J  is  locally  tame  at  all  but  perhaps  a  single  point  p,  then  the  funda¬ 
mental  group,  7ri(S3  —  J),  is  infinite  cyclic  if  J  lies  on  a  disk  in  S3.  One 
notes  that  since  J  lies  on  a  disk  in  S3,  then  J  lies  on  the  boundary  of  a 

3- cell  C  in  S3  that  is  locally  tame  except  perhaps  at  p.  This  follows 
from  Bing,  R.  H.,  1957.  Approximating  surfaces  with  polyhedral  ones. 
Ann.  of  Math  65:  456-483.  Let  S  (S3)  be  the  suspension  of  S3;  this  is 
S4.  Further  tti(S3  —  J)  and  7ri(S4  —  S(J))  are  isomorphic.  Consider 
S4/S(p),  S4  modulo  the  suspension  of  p.  The  natural  map  of  S4  onto 
S4/S(p)  is  a  homeomorphism  on  S4  —  S(J).  It  follows  that  7ri(S4/S(p) 
-  S(J)/S(p))  is  isomorphic  to  7ri(S3  -■  J).  But  S(C3)/S(p)  is  a  flat 

4- cell  in  S4/S(p)  containing  S(J)/S(p)  tamely.  This  follows  from  Can- 
trel,  J.  C.,  1963.  Almost  locally  flat  embeddings  of  S*-1  in  Sn.  Bull. 
Amer.  Math.  Soc.  6:  716-718.  Thus  7ri(S4/S(p)  —  S(J)/S(p))  is  infinite 
cyclic  and  the  result  follows. 
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GENERAL  METHOD  OF  TREATING  INSTRUMENTAL  DISTOR¬ 
TION  OF  SPEGTRAL  DATA  WITH  APPLICATIONS  TO 
X-RAY  PHYSICS 

William  C.  Saunder 
Virginia  Military  Institute 

Experimental  profiles  such  as  those  obtained  in  spectroscopic  meas¬ 
urements  often  can  be  represented  by  a  mathematical  expression  that  is 
dominated  by  a  convolution  of  an  incident  spectrum  and  an  apparatus 
window  function.  It  will  be  shown  that  replacing  this  convolution 
integral  by  an  infinite  series  allows  an  “unfolding  'of  the  observed  spec¬ 
trum  that  does  not  involve  the  use  of  the  functional  form  for  the  true 
spectrum  and  requires  only  a  relatively  crude  knowledge  of  the  window. 
As  a  result,  a  general  solution  for  the  instrumental  “shift”  in  any  charac¬ 
teristic  abcissa  of  the  profile  is  obtained.  The  theory  thus  developed 
is  then  applied  to  four  problems  of  current  interest:  (1)  unfolding  of 
spectral  data;  (2)  correction  of  double  crystal  x-ray  spectrometer  meas¬ 
urements;  (3)  truncation  errors  in  centroid  lattice  parameter  determina¬ 
tions;  and  (4)  errors  in  x-ray  grating  experiments.  Finally,  suggestions 
for  further  work  are  given. 


OPTICAL  EXAMINATION  OF  TELESCOPES  USING 
AN  INTERFEROMETER 

L.  W.  Frederick  and  P.  Knappenberger 
University  of  Virginia 

A  wave  front  shearing  interferometer  which  is  both  compact  and 
versatile  has  been  constructed  at  the  University  of  Virginia  and  has  been 
used  to  test  several  astronomical  telescopes.  Employing  a  prism  as  de¬ 
scribed  by  J.  B.  Saunders  (J.  Res.  NBS  68C,  No.  3,  1964),  the  inter¬ 
ferometer  produces  an  interference  patern  by  comparing  a  converging 
wave  front  with  a  sheared  image  of  itself.  An  analysis  of  the  curvature 
of  the  fringes  yields  deviations  of  the  wave  front  from  a  close  fitting 
sphere.  Designed  to  mount  on  the  eyepiece  holder  of  a  telescope,  the 
interferometer  can  be  focused  on  the  objective  lens,  or  in  the  case  of  a 
reflector,  on  the  primary  mirror.  A  star  is  used  for  the  light  source  and 
the  light  is  made  monochromatic  by  passing  it  through  a  filter.  Meas¬ 
urements  of  photographed  fringes  are  used  as  input  data  and  the  desired 
analysis  is  obtained  with  the  B5000  computer.  Tests  have  been  con¬ 
ducted  on  both  the  26-inch  Leander  McCormick  refractor  and  the  new 
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32-inch  reflector  at  the  Fan  Mountain  Observing  Station.  Preliminary 
analysis  of  the  fringes  indicates  that  both  instruments  are  of  high  optical 
quality.  Further  uses  of  this  interferometer  include  the  testing  of  tele¬ 
scopic  optics  as  a  function  for  changing  temperature  gradients;  deter¬ 
mining  the  effects  of  gravitational  distortion  for  various  position  angles 
of  the  telescope;  and  the  possibility  of  monitoring  atmospheric  turbulence. 


EFFECT  OF  CROSSOVER  ON  TIME  JITTER 
T.  M.  Amos  and  W.  T.  Joyner 

Hampden-Siydney  College 

Recent  experimental  findings  in  the  field  of  interaction  of  positrons 
with  matter  have  led  to  renewed  interest  in  measuring  positron  anni¬ 
hilation  lifetimes  with  electronic  circuitry.  This  circuitry  is  also  suitable 
for  use  in  measuring  neutron  time-of -flight,  and  in  high  energy  physics. 
We  have  investigated  the  time  resolution  properties  of  a  tunnel  diode 
univibrator  circuit  in  conjunction  with  a  critically  damped  inductor,  known 
as  a  “zero-crossing”  circuit.  Our  finding  was  that  the  use  of  such  a 
circuit  between  photomultiplier  output  and  univibrator  improves  the  sys¬ 
tem  time  resolution  bv  at  least  a  factor  of  four.  For  purposes  of  com¬ 
parison  we  investigated  three  tunnel  diodes,  of  5,  10,  and  50  ma  peak 
currents.  With  a  56AVP  photomultiplier,  the  10  ma  diode  gave  a  time 
resolution  of  300  psec  over  the  top  30%  of  the  pulse  spectrum.  Accord¬ 
ing  to  specifications,  commercial  equipment  now  available  gives  roughly 
a  factor  of  two  improvement  over  our  circuits,  and  should  provide  time 
resolution  of  at  least  200  psec. 


EXPERIMENTS  WITH  A  NITROGEN  GAS  LASER 

J.  T.  Fecteau  and  B.  J.  Lieb 
College  of  William  and  Mary 

A  nitrogen  gas  laser  was  constructed  and  a  few  experimental  studies 
of  its  output  conducted.  The  laser  operated  on  air  which  was  continually 
pumped  through  the  discharge  tube.  A  hydrogen  thyratron  was  used 
to  pulse  the  circuit  and  population  inversion  was  obtained  at  various 
pressures  and  voltages.  Several  rotational  lines  around  3373  A  were 
found  to  “lase.”  The  transition  was  identified  as  the  (0,  0)  transition 
of  the  second  positive  band  of  the  nitrogen  molecule. 
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A  SATURABLE  ABSORBER  Q  SPOILER  FOR  THE  RUBY  LASER 

John  H.  Wood  and  T.  E.  Gilmer,  Jr. 

Virginia  Polytechnic  Institute 

During  normal  operations  of  a  laser  a  large  number  of  pulses  are 
produced  each  of  several  hundred  nanosecond  duration.  It  is  possible 
to  produce  single  sharp  pulses  with  duration  on  the  order  of  10  to  20 
nanoseconds  with  much  greater  peak  intensity  than  the  normal  pulse  or 
spike.  This  is  accomplished  by  keeping  for  the  optical  cavity  at  an 
abnormally  low  level  and  thus  sudednly  switching  to  high  Q  value.  Some 
of  the  metal  phtalocynines,  its  free  base,  chlorophyll,  methylene  blue, 
and  victoria  blue  B  dissolved  in  ordinary  organic  solvents  will  serve  as 
repeatable  switches,  since  they  show  considerable  bleachable  absorber 
action  at  A  =  6943A. 


MEASUREMENT  OF  SEDIMENTATION 
BY  MULTIPLE  BEAM  INTERFEROMETRY  USING  A  LASER 

j.  W.  Beams 
University  of  Virginia 

The  centrifuge  cell  contains  two  sector-shaped  compartments  side 
by  side  which  are  sealed  on  each  end  by  a  single  plane  glass  or  quartz 
window.  The  two  windows  are  coated  on  the  inside  with  a  partially 
transparent  gold  film  and  are  adjusted  to  approximate  parallelism.  One 
cell  compartment  is  filled  with  the  solution  containing  the  sedimenting 
substance  and  the  other  with  the  solvent.  When  monochromatic  light 
from  a  laser  is  passed  through  the  cells’  multiple  beam  fringes  (Brewster 
or  Fabry-Perot  type)  are  observed  by  transmission.  The  sedimentation 
can  be  determined  by  the  change  produced  in  the  fringe  system  formed 
by  the  light  passing  through  the  solution  while  any  strains  or  distortions 
introduced  by  the  centrifugal  field  in  the  cell  is  monitored  by  the  fringe 
system  formed  by  the  light  passing  through  the  solvent.  The  fringes 
are  sharp  and  the  precision  is  increased  by  at  least  by  a  factor  of  ten 
over  interferometers  using  (cosine)2  fringes.  The  system  primarily  is 
applicable  to  equilibrium  sedimentation  where  the  centrifugal  fields  are 
relatively  low. 
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AN  ATTEMPT  TO  DETECT  RADIATION  DAMAGE  IN  IRON 
USING  THE  MOSSBAUER  EFFECT 

A.  Campbell,  K.  Isebeck,  and  F.  Pobell 
Laboratorium  fur  Technische  Physik  der  Technischen  Hochschule 

MUnchen 

A  preliminary  investigation  of  the  effect  of  alpha-particle  produced 
radiation  damage  on  the  Mossbauer  spectra  of  iron  foil  absorbers  was 
carried  out.  The  natural  iron  foils  were  first  annealed  at  650°  C,  then 
damaged  to  saturation  at  liquid  nitrogen  temperature,  and  finally  allowed 
to  undergo  stage  I  annealing  at  room  temperature.  Spectra  were  obtained 
before  and  after  damage  and  after  stage  I  annealing.  Comparison  of 
these  spectra  seem  to  show  small  by  systematic  effects. 


ELECTRON  DIFFRACTION  FROM  THIN  OXIDE  FILMS 

Don  F.  Mitchell  and  K.  R.  Lawless 
University  of  Virginia 

Glancing  angle  electron  diffraction  examination  of  atomically  smooth 
copper  surfaces  after  exposure  to  low  pressures  of  oxygen  at  high  tem¬ 
peratures  has  shown  the  existence  of  a  thin  copper  oxide  structure,  pos¬ 
sibly  only  one  unit  cell  thick.  The  complex  diffraction  patterns  observed 
can  be  explained  on  the  basis  of  a  regular  net  of  interfaeial  dislocations 
between  the  copper  and  copper  oxide  phases.  The  copper  oxide  layer 
shows  a  small  amount  of  compression,  die  energy  for  which  must  come 
from  the  resulting  reduction  in  the  density  of  interfaeial  dislocations. 


THE  ELASTIC  CONSTANTS  OF  NaF,  NaCl,  and  NaBr  at  4.2°  K 

J.  T.  Lewis,  C.  V.  Briscoe,  and  S.  L.  Lehoczky 
University  of  North  Carolina  (Chapel  Hill) 

The  elastic  constants  of  NaF,  NaCl  and  NaBr  have  been  measured 
at  4.2°  K,  and  80°  K  and  300°  K  using  an  ultrasonic  pulse  echo  tech¬ 
nique.  The  elastic  constants  at  4.2°  K  in  units  of  1011  dynes/cm2  are 
Cn  =  10.85,  C12  =  2.290,  and  C44  =  2.899  for  NaF;  Cn  =  5.733,  C12 
=  0.9796,  and  C44  =  1.070  lor  NaBr.  The  experimental  error  in  Cn 
and  C44  is  approximately  1%.  For  C12  the  experimental  error  is  approxi¬ 
mately  4%.  A  short  discussion  of  the  experimental  method  will  be  given. 
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(Work  sponsored  by  U.  S.  Air  Force  Office  of  Scientific  Research  and 
the  Advanced  Research  Projects  Agency). 


ISOTHERMAL  PHASE  CHANGE  IN  CERIUM  AT  80°  K 

W.  S.  McEver,  R.  W.  Major,  and  T.  E.  Leinhardt 
Virginia  Polytechnic  Institute 

Electrical  resistance  and  optical  reflectance  measurements  made  of 
Cerium  at  80°  K  have  exhibited  marked  changes  whic  hcould  be  explain¬ 
ed  by  an  isothermal  phase  change.  In  order  to  study  this  apparent  effect 
more  closely,  an  x-ray  diffraction  analysis  carried  out  in  conjunction  with 
electrical  resistance  measurements  was  made.  On  the  first  sample  which 
was  considered  to  be  poorly  annealed  (10%  beta  phase  and  90%  gamma 
phase)  there  was  a  definite  change  in  the  fraction  of  the  crystal  phases 
present.  The  electrical  resistance  data  also  shows  this  change.  A  sec¬ 
ond  sample  which  was  thought  to  have  a  better  anneal  (rj  100%  gam¬ 
ma)  also  showed  a  change,  but  of  a  magnitude  not  much  larger  than 
the  error  in  the  x-rav  data.  There  was  a  considerable  change  in  the 
electrical  resistance. 


THE  INTERACTION  BETWEEN  VACANCIES 
AND  DISLOCATIONS 

Doris  Kuhlmann- W ilsdorf 
University  of  Virginia 

In  the  elastic  stress  fields  of  dislocations,  outside  the  dislocation 
cores,  the  vacancies  are  attracted  into  regions  of  compressional  strain, 
as  expected  from  the  analogy  with  the  Cottrell  interaction  between  dis¬ 
locations  and  substitutional  atoms  of  a  size  smaller  than  the  matrix 
atoms.  Within  dislocation  cores,  strains  are  much  larger  than  in  the 
elastic  regions,  but  stresses  are  only  moderately  higher.  Consequently, 
the  two  contributions  to  the  binding  energy  which  depend  on  normal 
strains  rather  than  on  normal  stresses,  namely,  the  electronic  interaction 
energy  and  the  change  in  the  vibrational  entropy,  are  much  more  im¬ 
portant  within  cores  than  outside  them  and  repel  vacancies  from  regions 
of  compressional  strain.  With  the  best  possible  estimates  of  core  stresses 
and  strains  it  is  found  that  the  electronic  term  is  dominant  in  the  cores 
at  low  temperatures,  and  the  entropy  term  at  high  temperatures;  there¬ 
fore,  vacancies  are  attracted  into  the  dilated  regions  of  dislocation  cores 
with  an  interaction  energy  which  rises  linearly  with  the  temperature. 
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INTERFACIAL  DISLOCATIONS  BETWEEN  GOLD 
AND  PALLADIUM 

J.  W.  Matthews 
University  of  Virginia 

The  accommodation  of  the  change  in  lattice  parameter  across  an 
(001)  interface  between  single  crystal  films  of  gold  and  palladium  has 
been  studied  by  transmission  electron  microscopy.  It  was  found  that  most 
of  the  lattice  parameter  difference  was  accommodated  by  a  square  net¬ 
work  of  disloactions  in  edge  orientation.  The  Burgers  vectors  of  the 
dislocations  lay  in  the  interface,  and  were  lattice  vectors  of  the  type 
Ja<110>. 

SELF-DIFFUSION  IN  SODIUM  SINGLE  CRYSTALS 

Rama  Murthy  Aiyawar  and  Addison  D.  Campbell 
University  of  Richmond 

The  purpose  of  this  investigation  was  the  study  of  self-diffusion  in 
single  crystalline  sodium  using  tracer  techniques  to  determine  the  dif¬ 
fusion  constant  and  the  activation  energy  of  diffusion.  The  diffusion 
coefficients  of  sodium  in  single  crystals  of  pure  sodium  were  measured 
as  a  function  of  temperature  over  a  range  of  20°  —  41°  C.  In  this  inves¬ 
tigation  an  electrolytic  method  of  polishing  the  crystal  surface  was  used 
before  the  depositon  of  the  tracer  isotope.  Q  and  D0  in  the  diffusion 
equation,  D=D0  exp  (—  Q/RT),  were  found  to  be  11,000  ±  170  cal/ 
mole  and  0.313  +  0.018  cm2/sec,  respectively.  These  values  may  be 
compared  with  Q  =  10,450  calmole  and  D0= 0.242  cm2/  sec  reported 
for  poly  crystalline  sodium. 


EPITAXIAL  GROWTH  OF  GOLD  ON  SODIUM  CHLORIDE 

J.  W.  Mathews 
University  of  Virginia 

The  growth  of  single  crystal  gold  foils,  on  NaCl  substrates,  is  aided 
by  exposing  the  salt  surface  to  air  prior  to  the  depositon  of  gold  upon 
it.  This  is  not  because  an  exposure  to  air  improves  the  alignment  of  the 
initial  gold  nuclei.  The  important  effect  of  exposing  a  salt  surface  to 
air  is  to  increase  the  number  of  gold  nuclei  formed  upon  it.  This  causes 
gold  nuclei  to  coalesce  early  in  film  growth.  The  importance  of  early 
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coalescence  for  epitaxy  results  from  the  rapid  growth  of  nuclei  with 
(111)  parallel  to  the  (001)  salt  surface.  If  coalescence  is  late  then, 
by  the  time  it  occurs,  the  (111)  nuclei  are  much  larger  than  those 
oriented  parallel  to  the  salt  lattice.  Coalescence  between  large  (111) 
nuclei  and  their  small  epitaxially  aligned  neighbors  results  in  the  forma¬ 
tion  of  still  larger  (111)  crystallites,  and  finally  to  a  polycrystalline  foil 
with  (111)  parallel  to  its  plane.  If  coalescence  is  early  the  (111)  nuclei 
are  not  significantly  larger  than  those  parallel  to  the  salt  lattice.  Coales¬ 
cence  then  results  in  the  elimination  of  (111)  nuclei  by  their  more  nu¬ 
merous  epitaxially  aligned  neighbors.  The  final  film  is  a  single  crystal 
in  the  orientation  of  the  substrate. 


GE  FILMS  ON  CaF2  -  I 

C.  O.  Tiller  and  B.  W.  Sloope 
Virginia  Institute  for  Scientific  Research 

The  structure  of  Ge  films  depostied  over  a  wide  range  of  deposi¬ 
tion  rates  and  substrate  temperatures  onto  hand-polished  (111)  CaF2 
substrates  in  a  vacuum  of  10~9  to  4  x  10~7  mm  Hg  has  been  character¬ 
ized.  The  epitaxial  temperatures  and  the  amorphous  to  crystaline  transi¬ 
tion  temperature  were  found  to  be  rate  dependent.  A  linear  relation 
was  observed  between  the  logarithm  of  the  deposition  rate  and  the 
reciprocal  of  the  epitaxial  temperature  which  indicated  an  activation 
energy  of  1.43  ev.  A  linear  relation  was  also  observed  between  the 
logarithm  of  the  deposition  rate  and  the  reciprocal  of  the  amorphous  to 
crystalline  transition  temperature  which  indicated  an  activation  energy 
of  1.53  ev  for  this  process. 


GE  FILMS  ON  CaF2  -  II 

B.  W.  Sloope  and  C.  O.  Tiller 

Virginia  Institute  for  Scientific  Research 

The  characterization  of  the  structure  of  Ge  films  in  terms  of  deposi¬ 
tion  rate  and  substrate  temperature  presented  in  Part  I  will  be  explain¬ 
ed.  The  relation  between  the  epitaxial  temperature  and  deposition  rate 
will  be  compared  with  nucleation  theory  of  small  clusters.  The  relation 
between  the  amorphous  to  crystalline  transition  temperature  and  the  deposi¬ 
tion  rate  has  been  interpreted  in  terms  of  simple  surface  diffusion  theory 
and  the  results  yield  an  activation  energy  for  surface  diffusion  of  Ge  on 
CaF2  of  1.53  ev. 
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THE  EFFECT  OF  CHEMICAL  POLISHING  ON  THE  STRENGTH 
AND  FRACTURE  CHARACTERISTICS  OF  “AMORPHOUS” 
BORON  FILAMENTS 

F.  E.  Wawner,  Jr. 

Texaco  Experiment  Incorporated 

The  effects  of  surface  and  internal  flaws  on  the  tensile  and  flexural 
strengths  of  “amorphous”  boron  filaments  are  discussed.  It  is  shown  that 
the  surface  flaws  can  be  eliminated  by  chemical  polishing,  greatly  enhanc¬ 
ing  strength  properties.  Strength  values  exceeding  500,000  lb/in2  in 
tension  and  2,000,000  lb/in2  in  flexure  have  been  obtained  from  the  tests. 
Analysis  of  the  stress  distribution  and  fracture  characteristics  show  that 
the  crystalline  boride  core  is  responsible  for  the  large  difference  recorded 
in  the  two  types  of  tests.  Theoretical  considerations  indicate  the  maxi¬ 
mum  attainable  flexural  strength  of  “amorphous”  boron  is  3,900,000  lb/ 


MAGNETORESISTANCE  OF  SINGLE-CRYSTAL  SILVER  FILMS 

D.  C.  Larson  and  R.  V.  Coleman 
University  of  Virginia 

Transverse  magnetoresistance  measurements  at  4.2°  K  in  fields  of 
up  to  50  kilogauss  have  been  made  on  silver  films  deposited  on  mica, 
rocksalt,  and  glass.  The  films  deposited  on  mica  and  rocksalt  were 
single-crystalline  with  {111}  and  {100}  planes  respectively  parallel  to 
the  film  surfaces  while  the  films  deposited  on  glass  were  poly  crystalline. 
The  thicknesses  of  the  films  varied  from  2000  A  to  32,000  A  and  the 
resistivity  ratios  /0293/ p±-2  varied  from  35  to  275.  Thin,  polycrystal¬ 
line,  or  relatively  impure  films  exhibit  a  simple  geometric  variation  of 
magnetoresistivity  with  field  direction.  Thick  single-crystalline  films  show 
additonal  maxima  and  minima  associated  with  the  Fermi  surface  topology. 


THE  GROWTH  AND  ANNEALING  OF  SACKING  FAULT 
TETRAHEDRA 

Doris  Kuhlmann-Wilsdorf 
University  of  Virginia 


Migrating  steps  of  atomistic  height  on  the  faces  of  stacking  fault 
tetrahedra  can  cause  tetrahedra  growth  as  well  as  shrinkage.  The  geo- 
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metry  and  the  free  energy  of  the  two  basic  types  of  such  steps  (or 
“ledges”)  are  considered,  and  the  point  defect  supersaturations  required 
for  their  generation  and  migration  are  calculated.  The  observed  anneal¬ 
ing  behavior  of  stacking  fault  tetrahedra  in  gold  can  be  accounted  for  on 
the  basis  of  two  different  mechanisms,  both  requiring  that  the  line  energy 
of  the  ledges  is  much  lower  than  has  been  believed  in  the  past.  Since 
the  thus  inferred  low  values  of  the  ledge  energies  are  consistent  with 
new  theoretical  estimates,  they  are  tentatively  assumed  to  be  correct. 


GERMANIUM  LITIUM  DRIFTED  SExMICONDUCTOR  DETECTORS 
FOR  GAMMA  SPECTROSCOPY 

Arthur  J.  Levy 
University  of  Virginia 

The  methods  used  by  Pell  (J.  App.  Phy.  31:291)  to  study  the  dif¬ 
fusion  of  Lithium  in  semiconductor  crystals  are  employed  to  produce  p-i-n 
diodes.  These  diodes  so  prepared  have  very  high  energy  resolution 
when  used  to  detect  gamma  rays.  Some  of  the  best  reported  values 
are  about  0.13%  in  the  7  MeV  region  (Ewan  and  Tavendale,  Canadian 
}.  Phys.  42:2286).  The  procedure  used  at  the  University  of  Virginia 
for  making  these  detectors  and  their  operation  is  discussed. 


MICROWEAR  STUDIES  BY  NEUTRON  ACTIVATION  ANALYSIS 

James  A.  Fortune  and  A.  K.  Furr 
Virginia  Polytechnic  Institute 

A  technique  has  been  developed  which  will  allow  accurate  measure¬ 
ments  of  the  amount  of  gold  transferred  due  to  wear  processes.  This 
technique  has  been  applied  to  a  system  consisting  of  a  24  k  gold  slip 
ring  and  a  wire  (.009”  daimeter)  brush  which  is  an  alloy  of  gold  (mostly), 
silver  and  nickel.  The  method  briefly  consists  of  activation  of  one  of 
the  components  of  the  system  in  the  V.  P.  I.  reactor  and  then  the  amount 
of  gold  transferred  to  the  other  component  is  measured  in  an  absolute 
counting  system.  The  accuracy  is  at  least  5%  and  can  be  much  better. 
The  limits  on  the  amount  of  gold  which  can  be  detected  is  on  the  order 
of  UP8  to  1(F9  gms. 
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SEARCH  FOR  EVIDENCE  OF  POSITRON  EMISSION  IN  THE 
DECAY  OF  Cl36  -  A  STUDENT  PROJECT 

W.  R.  Tolbert,  E.  V.  Shrum,  E.  T.  Hutcheson,  and  L.  M.  Diana 
University  of  Richmond 

The  electromagnetic  radiation  from  a  test  tube  filled  with  NaCl36 
has  been  examined.  A  well  detector  and  a  single  channel  pulse  height 
analyzer  were  used.  The  first  run  yielded  a  peak  at  0.57  MeV  but  each 
subsequent  run  showed  a  peak  at  0.5  MeV  in  its  place.  If  it  be  assumed 
that  this  radiation  results  from  positron  annihilation,  our  data  indicate  a 
branching  ratio  roughly  equal  to  1  x  10~5,  in  substantial  agreement  with 
other  recent  work  by  Dougan  et  al.,  Phil.  Mag  7:1222  and  Berenyi,  Acta 
Phys.  Hung.  16:101.  (Work  supported  by  a  grant  from  The  Bendix 
Corporation  under  the  AIP  Student  Section  program). 


(d,py)  ANGULAR  CORRELATION  EXPERIMENTS  FOR  LOW  Q 

VALUE  REACTIONS 

Andrew  P.  Borden 
University  of  Virginia 

Amado  (Phys.  Rev.  Letters  2:  399)  has  indicated  the  formal  analogy 
between  the  theoretical  description  of  elementary  particles  interactions 
and  the  Butler  stripping  description  of  the  reaction  A(d,p)B.  In  this 
theory  the  correctness  of  the  Butler  approach  is  enhanced  as  the  distance 
to  the  stripping  pole  is  decreased.  In  general  this  distance  is  smallest 
in  cases  where  both  the  Q  value  and  the  deuteron  energy  are  low  (p  —  y) 
angular  correlations  from  reactions  A(d,py)B  are  being  experimentally 
studied  with  special  emphasis  on  polology  aspects.  Currently  the  reac¬ 
tion  B11(d,p1y)B12,  Q  =  0.19,  is  being  investigated  at  deuteron  energies 
around  1  MeV.  This  reaction  is  expected  to  be  an  interesting  case 
because  its  angular  distributions  [J.  P.  F.  Sellshop  and  D.  W.  Mingay, 
Proceedings  of  the  Conference  on  Direct  Interactions  and  Nuclear  Reac¬ 
tion  Mechanisms ,  p.  425  (Gordon  and  Breach,  Science  Publishers,  New 
York,  1962)]  are  fairly  well  fit  by  the  Butler  formula. 

A  METHOD  FOR  MEASURING  RESONANCE  ESCAPE 
PROBABILITY  IN  THORIUM-WATER  LATTICES 

E.  Stam  and  A.  Robeson 
Virginia  Polytechnic  Institute 

An  attempt  has  been  made  to  measure  the  resonance  escape  prob- 
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ability  (p)  of  a  heterogeneous  system  by  “direct”  (or  substitution)  meth¬ 
od.  For  a  source  of  fast  neutrons  in  a  slowing-down  medium  of  large 
extent,  it  can  be  shown  on  the  basis  of  the  continuous  slowing-down 
model  that  n(r,r)=p  n0(T,r),  where  n  is  the  density  of  neutrons 
of  “age”  t  at  r  and  n0  the  density  in  the  absence  of  resonance  absorp¬ 
tion.  The  system  consisted  of  a  square  lattice  of  hollow  Th  slugs  in 
water  (Th/water  =  1.2) .  For  determining  n0  the  Th  slugs  were  re¬ 
placed  by  similar  Pb  slugs  to  reproduce  the  scattering  properties  of  Th 
as  closely  as  possible.  The  source  neutrons  were  produced  at  a  face  of 
the  lattice  by  D-D  reaction  using  a  C.W.  accelerator.  Both  n  and  n0 
were  measured  by  Cd  covered  in  foils  exposed  along  a  horizontal  traverse. 
The  ratio  n/n0  was  not  found  to  be  constant.  This  may  be  explained 
by  a  slight  difference  in  the  scattering  properties  of  the  two  systems  and 
the  break-down  of  the  continuous  slowing-down  model  for  water.  These 
points  are  being  further  investigated.  For  this  purpose  a  number  of  geo¬ 
metrical  modifications  are  being  made  in  the  experimental  arrange¬ 
ment  including  placing  the  accelerator  target  inside  the  system. 


HALF-LIFE  OF  LU176 

A.  Keith  Furr  and  Ronald  Winters 
Virginia  Polytechnic  Institute 

Three  half-life  determinations  of  Lu176  were  made  using  y—y  and 
y —(3  coincidence  techniques.  The  first  method  was  a  single  crystal  y—y 
coincidence  measurement  using  a  3”  x  3“  Nal(Tl)  crystal.  The  results 
of  this  measurement,  after  corrections  for  geometry,  were  in  agreement 
with  a  value  of  2.2  x  1010  yrs.  The  second  method  was  also  a  y—y 
coincidence  measurement  using  two  3”  x  3“  Nal(Tl)  crystals  and  an 
external  coincidence  analyzer.  The  results  from  this  measurement  were 
in  agreement  with  the  above  result.  The  last  method  was  a  y—/3  coin¬ 
cidence  measurement,  in  which  a  plastic  scintillator  was  used  as  the  (3 
detector.  The  results  were  about  2  x  1010  yrs,  with  a  rather  large  prob¬ 
able  error  of  10%  —  20%.  This  last  measurement  is  being  refined. 


ULTRAVIOLET  ABSORPTION  METHOD  OF  OBSERVING 
SEDIMENTATION 

F.  N.  Weber,  Jr. 

University  of  Virginia 

Because  of  the  increase  in  sensitivity  of  the  ultraviolet  absorption 
method  over  the  interference  method  for  measuring  concentration  (a  fac- 
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tor  of  from  ten  to  fifty  greater  sensitivity),  one  should  be  able  to  make 
sedimentation  equilibrium  measurements  on  very  much  more  dilute  sam¬ 
ples.  Accordingly,  such  a  method  has  been  devised  and  has  been  used 
for  ultraviolet  measurements.  The  system  consists  of  a  Hg  arc  source 
followed  by  a  monochromator.  Useable  wavelengths  from  2653  A  to 
6000  A  are  readily  obtained.  This  monochromatic  light  is  passed  through 
the  sample  cell,  and  its  absorption  is  measured  and  compared  photomet¬ 
rically  with  light  that  passes  through  the  reference  cell.  The  logarithm 
of  the  ratio  of  intensities  is  proportional  to  the  concentration  at  that  point. 
By  scanning  the  image  of  the  cell,  one  can  thus  find  concentrations  as 
a  function  of  radial  distance  and  thus  determine  the  particle  weight,  M, 
of  the  sample.  Several  preparations  have  been  studied.  Some  results 
include  an  enzyme  complex,  P.D.C.,  measured  with  both  the  interference 
system  yielding  M  =  3.87  x  10°  and  the  absorption  system  yielding  M  = 
3.88  x  106.  Another  comparison  found  the  virus  BSV  to  have  a  weight 
measured  interferometrically  of  M  =  8.76  x  106  and  by  ultraviolet  absorp¬ 
tion,  M  =  8.81  x  106. 


PARTIAL  SPECIFIC  VOLUME  MEASUREMENTS 

James  P.  S enter 
University  of  Virginia 

The  Beams  magnetic  densitometer  has  been  developed  to  the  stage 
where  it  can  be  used  to  study  the  effect  of  environment  on  the  partial 
specific  volume  of  proteins.  The  partial  specific  volume  of  serum  albumin 
has  been  studied  through  the  N-F  transiton  and  a  significant  dependence 
on  pH  demonstrated.  Measurements  have  also  been  made  on  urease  at 
different  pH  and  solvent.  The  partial  specific  volume  of  proteins  will 
later  be  studied  as  a  function  of  pressure  and  temperature. 


EMF  MEASUREMENTS  IN  A  CENTRIGUGAL  FIELD 

Alan  S.  Koralek 
University  of  Virginia 

When  matter  is  subjected  to  a  centrifugal  field,  differential  sedi¬ 
mentation  occurs.  If  the  matter  is  ionic,  this  differential  sedimentation 
causes  charge  separation  and,  hence,  an  electric  potential  difference  be¬ 
tween  points  at  different  distances  from  the  axis  of  rotation.  It  is  the 
objective  of  this  laboratory  to  investigate  these  sedimentation  potentials 
for  macromolecular  solutions.  EMF’s  in  a  magnetically  supported  ultra¬ 
centrifuge  must  be  measured  as  AC  signals  because  all  rotor-to-laboratory 
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paths  are  infinite  to  DC.  Capacitive  coupling  between  plates  on  the 
rotor  and  those  fixed  in  the  vacuum  chamber  offers  a  finite  AC  path. 
A  reference  signal  is  introduced  by  inductive  coupling  followed  by  rectifica¬ 
tion  within  the  rotor.  Using  this  method,  simulated  cells  (batteries  volt¬ 
age  divided  to  give  potentials  in  the  millivolt  region)  have  been  measured 
to  a  high  degree  of  accuracy. 


DENSITY  MEASUREMENTS  IN  MACROSCOPIC  SPECIMENS 

J.  A.  Sigler 
University  of  Virginia 

A  differential  hydrostatic  weighing  technique,  capable  of  measuring 

A  p 

changes  in  relative  density  as  small  as  S( - )  =  2  x  10-7  is  being  used 

P 

to  studv  the  interactions  between  submicroscopic  voids  (vacancy  clusters) 
and  glide  dislocations.  Polvcrystalline  gold  specimens  are  subjected  to 
various  heat  treatments  and  tensile  strains.  The  change  in  relative  density 
is  measured  as  a  function  of  applied  strain.  In  this  way,  the  mechanism 
by  which  voids  are  annihilated  is  studied. 


INFIARED  ABSORPTION  SPECTRUM  OF  SINGLE  CRYSTAL 
SULFUR  IN  THE  35-55  MICRON  REGION 

B.  E.  Douglas,  W.  T.  Towles,  and  T.  E.  Gilmer,  Jr. 

Virginia  Polytechnic  Institute 

A  Perkin-Elmer  Model  112  spectrophotometer,  modified  to  use  an 
echellette  grating  and  covering  the  spectral  region  from  30-55  microns, 
has  been  used  to  examine  the  absorption  spectrum  of  an  orthorhombic 
sulfur  crystal  0.04  cm  in  thickness.  This  spectral  region  contains  the 
most  intense  absorption  lines  for  surfur.  Previously  published  curves  for 
this  region  were  made  with  a  spectrometer  having  considerably  lower 
resolution,  and  show  less  than  20  per  cent  transmission  from  40  to  55 
microns.  The  present  investigation  has  shown  strong  absorption  at  ap¬ 
proximately  42  and  51  microns  (the  51  micron  line  showing  indication 
of  a  split),  with  a  less  intense  line  at  about  47  microns.  This  is  in  appar¬ 
ent  agreement  with  a  report  of  absorptions  in  pressed  pellets. 
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AN  ANALOG  SOLUTION  TO  THE  REACTOR  KINETIC 
EQUATION  FOR  THE  V.  P.  I.  REACTOR 

R.  J.  Onega  and  J.  P.  Letellier 
Virginia  Polytechnic  Institute 

The  constants  in  the  reactor  kinetic  equations, 

dn  S  Kep  6 

- —  -■  — - n  -j-  S  Ai  Cj[  -j-  S 

dt  /  i=I 


dci  Ke  J3 

- =  — Ai  Ci  -j - n  i  =  1  ,  .  .  .  ,  6 

dt  l 

were  evaluated  using  values  of  tHi  and  absolute  yield  by  Keepin,  et  al. 
(Physics  Rev.  107,  no.  4)  and  values  listed  in  the  V.  P.  I.  reactor  specifica¬ 
tions.  The  above  notation  is  as  found  in  Murray  (Nuclear  Reactor  Phys¬ 
ics,  Prentice  Hall,  1959).  Periods  of  the  order  desired  were  obtained 
by  putting  the  desired  period  T  into 

8  K e  =  T(/+S  JL) 

T  Ai 

and  using  the  8  Ke  thus  obtained  to  compute 

S  Kep  and  . 

Letting  machine  time  =  T  —  — 

a 


machine  variables  N,  C  =  — , 

b 


«7  — 


3  Kep 

/ 


c 

b 


Ke  pi 

(Xi  =  - 

l 

the  equations  may  be  rewritten  as 

N  =  L[aa7N  _|_  a  S  A,Ci  +  — ] 

P  i  a 


Ci  =  —  [ — aAi  Ci  +  a«iN]  i  =  1  , . . . ,  6 
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These  equations,  with  numerical  values  for  the  cq’s  and  constants  (a,  b) 
adjusted  for  convenience,  were  then  programmed  onto  a  Heath  Electronic 
Analog  Computer,  and  the  results  were  taken  out  by  means  of  a  Tek- 
rtonix  555  oscilloscope  and  a  Polaroid  Land  camera. 


NEUTRON  DIFFUSION  PARAMETERS  IN  MIXTURES  OF  LIGHT 
AND  HEAVY  WATER  BY  THE  PULSED  NEUTRON  TECHNIQUE 

H.  G.  Jones,  G.  N.  Salaita,  and  A.  Robeson 
Virginia  Polytechnic  Institute 

Neutron  diffusion  parameter  measurements  have  been  made  at  21°  C 
in  20,  50  and  80  percent  concentrations  of  heavy  and  light  water,  includ¬ 
ing  pure  H20  and  DsO  as  moderators.  Pulsed  neutron  techniques  were 
used  with  a  250-kv  Cockcroft- Walton  accelerator  as  the  pulsed  source. 
The  range  of  bucklings  used  was  from  0.05  cm-2  to  0.70  cm-2.  The 
values  for  the  diffusion  coefficient,  D0;  the  diffusion  cooling  coefficient, 
C;  and  the  transport  mean  free  path,  Atr  ,  were  determined  from  the 
expansion  of  the  decay  constant  to  second  order  using  an  iteration  pro¬ 
cedure.  The  values  of  D0 ,  C ,  and  Atr  are  tabulated  below  for  the 
various  concentrations,  including  pure  H20  and  LLO  . 


Percent  D20 

D0  x  1 0-4  ( cm2  sec-1) 

C  x  10-5  (cm4  sec-1) 

Atr  (cm) 

0 

3.634  ±  0.048 

0.161  ±  0.008 

0.443 

20 

3.779  ±  0.017 

0.170  ±0.032 

0.515 

50 

6.964  ±  0.044 

0.74  ±0.12 

0.915 

80 

11.75  ±  0.68 

2.19  ±0.42 

1.602 

100 

19.66  ±  1.37 

3.56  ±  1.08 

2.670 

Supported  in  part  by  the  United  States  Atomic  Energy  Commission. 


PRELIMINARY  DESIGN  ASPECT  OF  A  QUADRUPOLE 
PION-MUON  CHANNEL 

H.  Funsten,  R.  Siegel,  J.  Waters 
College  of  William  and  Mary 

Preliminary  design  parameters  have  been  obtained  for  a  pion-muon 
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beam  transport  system  in  connection  with  The  Space  Radiation  Effects 
Laboratory  600  MeV  Synchrocyclotron.  The  purpose  of  this  channel 
is  to  trap  pions  and  decay  muons  coming  from  the  cyclotron  and  conduct 
them  through  the  shielding  wall  out  to  the  experimental  area.  Two  chan¬ 
nel  systems  are  under  consideration,  a  superconducting  solenoid  and  a 
linear  array  of  alternately  focussing  and  defocussing  quadrupoles.  In 
spite  of  its  larger  area  of  acceptance,  the  present  uncertainty  in  construc¬ 
tion  of  a  practical  superconducting  solenoid  of  sufficient  size  has  resulted 
in  devoting  the  main  part  of  the  design  effort  to  the  quadrupole  system. 
Computer  programs  have  been  used  to  give  the  pion  or  primary  phase 
space  for  pions  generated  at  an  internal  cyclotron  target  and  being  trans¬ 
mitted  through  the  cyclotron  fringing  field,  the  channel  input  and  ouput 
matching  using  a  finite  set  of  quadrupoles,  bending  magnets,  or  drifted 
spaces,  and  the  muon  spectrum  from  pion  decay  within  the  channel. 
Input  matching  has  been  attained  for  a  26  cm  aperture  system  by  the 
use  of  two  additonal  quadrupoles  and  output  matching  by  the  use  of  a 
single  quadrupole  followed  by  a  bending  magnet  for  an  experimental 
target  approximately  14  x  10  cm  at  150-200  MeV/c. 


DERIVATION  OF  POLARIZABILITIES  AND  POLARIZABILITY 
DERIVATIVES  FROM  A  DELTA-FUNCTION  POTENTIAL 

MODEL 

Thomas  Veach  Long,  II  and  Robert  A.  Plane 
Medical  College  of  Virginia  and  Cornell  University 

A  model  for  a  chemical  bond  consisting  of  shifting  Dirac  delta  func¬ 
tions  at  the  positions  of  the  nuclei  is  used  to  derive  an  expression  for 
an  b ,  the  parallel  component  of  the  molecular  polarizability  from  the 
region  of  the  chemical  bond,  and  a/r ,  the  derivative  of  the  mean  mole¬ 
cular  polarizability  with  respect  to  a  change  in  bond  length  for  the  Ax 
stretching  modes  of  diatomic  and  polyatomic  molecules  and  ions.  The 
delta-function  strength  is  arbitrarily  taken  as  the  square  root  of  the 
valence-state  electronegativity  on  the  Pauling  scale.  Values  calculated 
a 

for  —  are  compared  with  those  obtained  experimentally  from  Raman 
r 

intensities.  Good  agreement  is  found  between  calculated  and  experimen- 
a 

tal  values  of  allb  and  —  .  This  agreement  provides  confidence  in  use 
r 

of  the  method  here  developed  to  utilize  measured  values  of  obtaining 
the  bond  order  in  species  where  it  is  not  otherwise  known.  Little,  if 
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any,  pi-bonding  is  found  in  CC14 ,  SiCl4 ,  GeCl4 ,  SnCl4 ,  and  CBr4 . 
For  the  series  CC14  ,  CHC13  ,  CH2C12  and  CH3C1  our  calculations  cor¬ 
relate  with  nuclear  magnetic  resonance  coupling  results  to  indicate  the 
use  of  an  orthogonal  but  non-equivalent  set  of  hybridized  orbitals  on 
the  carbon  atom.  The  apparent  instability  of  the  Br04~  ion  is  attributed 
to  the  inability  of  bromine  atom  to  contract  its  4-d  orbitals  in  order  o 
take  part  in  pi-bond  formation. 


THE  DETERMINATION  OF  THE  GRAVITATIONAL  CONSTANT 
WITH  A  TORSION  BALANCE 
Collins  Beagle 

Lane  High  School,  Charlottesville,  Virginia 

For  my  project  I  wanted  to  determine  the  value  of  the  gravitational 
constant  in  Newtons  formula  for  universal  gravitation: 

Mm 

F  =  G  — - 
s2 

where  F  is  the  force  of  attraction  between  masses  M  and  m  at  distance 
s  apart  and  G  is  the  gravitational  constant.  I  employed  the  torsion  bal¬ 
ance  method  first  used  by  Henry  Cavendish.  My  torsion  balance  sys¬ 
tem  consisted  of  a  torsion  wire  which  supported  a  balance  arm  which 
supported  two  small  masses  which  were  to  be  attracted  by  two  large 
masses.  Due  to  the  force  of  attraction  between  the  two  sets  of  masses 
the  torsion  wire  would  be  rotated  until  its  restoring  torque  equalled 
this  force.  By  a  series  of  formulas  I  could  determine  the  torque  per  degree 
of  rotation  of  the  wire,  and  I  could  determine  the  amount  of  rotation  by 
measuring  the  deflection  of  a  light  beam  reflected  by  a  mirror  in  the 
torsion  balance  system.  Thus  I  could  determine  the  force  involved  and 
consequently  the  value  of  G.  Also,  from  the  value  of  G,  I  could  deter¬ 
mine  the  mass  and  mass  density  of  the  earth.  I  found  the  value  of  G 
to  be  6.7  x  10-8  (c.g.s.  units ) ,  the  mass  of  the  earth  to  be  5.94  x  1027 
gm.,  and  the  mass  density  of  the  earth  to  be  5.5  gm./cm.3  ( Outstanding 
Paper,  Virginia  Junior  Academy  of  Science,  Physics  Section) . 
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TIDE  CURRENTS  AND  CORRELATION  WITH  TIDE  LEVELS  * 

Brett  D.  Merritt 

Mount  Vernon  High  School,  Alexandria,  Virginia 

The  purpose  of  my  project  is  to  investigate  the  periodic  properties 
of  tidal  currents  in  the  Dogue  Creek  area  of  the  Potomac  River  and  to 
correlate  the  periodic  properties  of  tidal  currents  with  the  periodic 
properties  of  tidal  heights.  This  investigation  required  my  free  time 
over  a  period  of  10  months  and  was  accomplished  in  four  main  stages. 
(1)  Construction  of  a  self-recording  current  gage.  (2)  Simultaneous 
obseravtion  of  tide  levels  with  self-recording  tide  level  gage  constructed 
last  year,  and  tide  current  with  tide  current  gage  constructed  this  year 
for  a  period  of  60  days.  (3)  Measurement  and  computation  of  period, 
range,  and  velocity  on  both  records.  (4  Analysis  of  results  and  prep¬ 
aration  of  report.  Synchronized  analysis  of  tide  level  records  with  tide 
current  records  shows  that:  (1)  A  horizontal  velocity  curve  transform¬ 
ed  to  a  horizontal  distance  curve  has  the  same  period,  frequency,  and 
sign  as  the  height  distance  curve.  (2)  A  height  distance  curve  trans¬ 
formed  to  a  vertical  velocity  curve  has  the  same  period,  frequency,  and 
sign  as  the  current  velocity  curve.  (3)  Velocity  varies  directly  with 
range.  (4)  The  horizontal  and  vertical  tides  differ  only  in  amplitude: 
The  mean  vertical  range  is  2.1  feet,  while  the  mean  horizontal  range 
is  3.0  nautical  miles.  It  is  concluded  from  these  analyses  that:  (1) 
Tide  heights  and  tide  currents  are  simply  perpendicular  components  of 
the  same  tide  generating  phenomena  and,  (2)  the  Potomac  River  is  a 
standing  wave  tvpe  of  tidal  basin. 


^Outstanding  Paper,  Virginia  Junior  Academy  of  Science,  Astronomy 
and  Earth  Science  Section. 
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SECTION  OF  BIOLOGY 

Carolyn  Wells,  Chairman  W.  R.  Tenney,  Secretary 

J.  J.  Murray,  Chairman-Elect  J.  C.  Thompson,  Section  Editor 

STUDIES  ON  THE  DEVELOPMENT  OF  BLATTICOLA  BLATTAE 
(GRAEFFE,  1860)  CHITWOOD,  1932  WITHIN  ITS  HOST, 
BLATTELLA  GERMANICA  L. 

C.  T.  Cali 

Medical  College  of  Virginia 

Five  stages  with  four  intervening  molts,  occur  in  the  life  cycle  of 
Blatticola  blattae.  The  first  molt  begins  in  the  egg  just  prior  to  the  rest¬ 
ing  stage  and  is  completed  within  the  host,  Blattella  germanica,  approxi¬ 
mately  three  and  one-half  hours  after  ingestion.  Each  of  the  five  active 
stages  and  the  four  intervening  molts  can  be  recognized  by  size  and  other 
morphological  characters.  Growth  is  associated  with  each  of  the  four 
molts,  which  are  accompanied  by  reduced  physical  activity.  The  second, 
third,  and  fourth  molts  occur  within  the  host.  The  third  larval  stage 
was  first  recovered  on  the  fourth  day,  the  fourth  on  the  tenth  day  and 
adult  females  on  the  fourteenth  day  after  ingestion  of  the  infective  stage 
by  the  host. 


EFFECT  OF  INDOLE-3-ACETIC  ACID  AND  GIBBERELLIC  ACID 
ON  REGENERATION  IN  PLANARIANS 
Margaret  J.  Connell  and  Marie  M.  Jenkins 
Harrisonburg ,  Virginia 

Asexual  planarians  ( Dugesia  dorotocephala )  were  sectioned  into  thirds 
and  allowed  to  regenerate  in  indole-3-acetic  acid  (IAA)  and  in  gibberellic 
acid  (GA3)  at  1  x  1(P4  M,  1  x  1(P5  M,  and  1  x  1(P6  M.  Controls  were 
maintained  in  artificial  pond  water.  IAA  at  1  x  1CP4  M  retarded  devel¬ 
opment  of  blastemas,  auricles,  pharynx,  and  eyespots;  slight  retardation 
occurred  in  1  x  10~5  M,  but  little  or  no  effect  was  noted  at  1  x  UP6  M. 
GA3  slightly  retarded  blastema  development  in  tail  sections  at  1  x  UP4  M, 
but  a  slight  acceleration  of  pharynx  and  eyespot  formation  was  found  at 
lower  concentrations.  Both  IAA  and  GA3  inhibited  fissioning,  the  inhibi¬ 
tion  varying  directly  with  the  concentration  and  being  more  pronounced 
in  IAA.  Total  growth,  determined  by  length  measurements,  was  retarded 
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in  IAA,  the  effect  being  more  marked  as  concentration  was  increased. 
Total  growth  was  accelerated  in  GA3  in  inverse  proportion  to  concentra¬ 
tion.  No  effect  of  either  chemical  on  initiation  of  pigment  formation  was 
observed.  Effects  of  IAA  were  concluded  to  be  due  to  toxicity  and 
not  to  the  possibility  that  IAA  might  act  as  a  growth  regulator  on  ani¬ 
mal  tissue.  These  is  some  evidence  GA3  may  promote  regeneration  in 
lower  metazoans. 


SOME  PHYSIOLOGICAL  CHANGES  ASSOCIATED  WITH  FATAL 
FEAR-STRESS  IN  THE  GRAY  SQUIRREL  ( SCIURUS 
CAROLINENS1S ) 

Donald  R.  Guthrie 
Virginia  Polytechnic  Institute 

Gray  squirrels  often  become  comatose  and  die  when  captured  in 
live-traps,  even  though  the  animals  are  not  injured  by  the  trapping.  The 
objective  of  this  study  was  to  determine  some  of  the  physiological  changes 
that  occur  with  the  development  of  the  “shock”  condition.  To  accom¬ 
plish  this  objective  30  squirrels  were  examined.  The  squirrels  were  divided 
into  three  experimental  groups:  normal,  trapped-comatose,  and  trapped- 
not  comatose.  The  comatose  animals  exhibited  drastically  reduced  levels 
of  blood  glucose  and  liver  glycogen,  indicating  an  extremely  rapid  deple¬ 
tion  of  carbohydrate  energy  stores.  The  packed  cell  volume  was  increased 
by  approximately  10%  in  the  trapped-comatose  animals.  This  is,  pre¬ 
sumably,  indicative  of  a  slight  hemoconcentration.  Plasma  corticosterone 
levels  were  also  elevated  nearly  70%  in  the  trapped-comatose  and  trapped- 
not  comatose  animals.  The  trapped-comatose  animals  showed  a  slight 
leukopenia  which  was,  specifically,  a  lymphopenia.  It  was  tentatively 
concluded  that  some  squirrels  are  unable  to  withstand  the  emotional  stress 
of  confinement  and  develop  a  “nervous  shock”  due  to  a  collapse  of  the 
sympathetic  vasoconstrictor  mechanisms.  This  causes  sequestration  of 
the  blood  and,  consequently,  an  anoxic  conditon  develops.  Anaerobic 
metabolism  rapidly  converts  the  glycogen  and  glucose  to  lactic  acid. 
Since  lactic  acid  was  not  determined,  this  explanation  must  be  regarded 
with  considerable  reservation.  The  low  glucose  and  high  lactic  acid  con¬ 
centrations  probably  combine  to  damage  nervous  tissues,  creating  an 
irreversible  shock,  at  least  in  the  later  stages  of  the  condition.  In  addi¬ 
tion,  the  reduced  blood  flow  and  the  probably  increased  lactic  acid  con¬ 
centration  would  tend  to  promote  the  agglutination  of  erythrocytes,  fur¬ 
ther  complicating  the  anoxic  conditon.  Further  study  must  be  made 
before  these  conclusions  can  be  accepted. 
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A  PRELIMINARY  REPORT  ON  DOMINANT  AND  RECESSIVE 
LETHALS  IN  AN  ANOETID  MITE  (ACARINA) 

Caroline  G.  Jackson  and  Roscoe  D.  Hughes 
Medical  College  of  Virginia 

This  is  a  preliminary  study  to  determine  the  relative  rates  of  domi¬ 
nant  and  recessive  lethals  for  comparable  doses  of  x-irradiation.  The 
biological  systems  used  are  a  nearly  unique  species  of  anoetid  mites  ( H . 
feroniarum)  that  has  both  a  haplo-diploid  variety  and  diploid  thelytokous 
variety.  Young  females  of  both  varieties  were  treated  and  the  deter¬ 
minations  made  by  counting  lethal  eggs  over  a  three  day  period.  It  has 
been  found  that  the  rate  of  lethals-dominant  in  one  instance  and  dominant 
plus  recessive  lethals  in  the  other-are  markedly  different.  The  implica¬ 
tions  of  these  results  are  discussed.  (This  work  was  supported  in  part 
by  NIH  Grant  D-683) . 


CONGENITAL  MALFORMATIONS  ASSOCIATED  WITH  THE 
MANX  SYNDROME  IN  CATS 

Joyce  Howell 

Virginia  Polytechnic  Institute 

The  Manx  condition  in  which  tail  types  are  classified  as  rumpy, 
rumpy-riser,  stumpy  and  longie  has  been  demonstrated  to  be  a  semi- 
lethal  (Howell  and  Siegel.  Jour .  Hered.  54:167-169).  Of  166  kittens 
born  during  this  experiment,  a  total  of  56  were  deformed  or  abnormal. 
Abnormalities  affected  both  the  skeleton  and  the  body  viscera,  with  the 
visceral  manifestations  being  most  severe  in  those  cats  exhibiting  the 
greatest  numbers  of  skeletal  anomalies.  The  skeletal  anomalies  were 
observed  to  be  concentrated  in  the  vertebrae,  the  long  limb  bones  (tibia, 
femur)  of  the  legs,  and  the  pelvic  girdle.  Cleft  palates  and  clubed  feet 
were  also  observed.  In  general,  the  associated  visceral  manifestations 
occurred  in  the  kidneys,  urinary  bladder,  stomach,  intestines,  rectum, 
heart  and  liver.  The  organs  may  be  enlarged  or  reduced  in  size  or  mal¬ 
formed.  Also  associated  with  the  skeletal  abnormalities  was  poor  muscle 
development  and  motor  control.  (This  work  was  supported  in  part  by 
NSF  Grant  No.  GB-2594). 
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AN  ANALYSIS  OF  THE  TAXONOMIC  CRITERIA  AS 
APPLIED  TO  THE  GENUS  MONOTROPA 

O.  W.  Gup  ton 
Virginia  Military  Institute 

An  examination  was  made  of  the  characters  that  have  been  used  to 
maintain  generic,  specific  and  infraspecific  taxa  in  the  Indian  Pipes  and 
Pinesaps.  Data  were  taken  from  living  and  preserved  specimens  repre¬ 
sentative  of  the  entire  geographical  and  morphological  ranges  cited  for 
the  group  with  twenty-five  characters  considered.  Analysis  of  the  data 
so  as  to  avoid  subjective  comparisons  where  possible  resulted  in  the 
support  of  one  genus,  Monotrcpa  L.,  with  two  polymorphic  species,  M. 
uniflora  L.  and  M.  hypopithys  L.  Data  comparisons  revealed  trends  of 
a  clinal  nature.  Attachments  to  roots  of  other  plants  was  not  found. 
Absence  of  M.  uniflora  in  Europe  may  be  due  to  failure  to  migrate  through 
dry  lands  in  southern  Eurasia.  Ancestral  stock  like  Monotropsis  may 
have  given  rise  to  M  .hypopithys  with  fewer  parts  to  lateral  flowers. 
M.  uniflora  arose  with  a  furthex*  reduction  in  numbers  of  flowers  to  unity 
and  with  a  more  mesic  range.  Tree  or  shrub  canopy  was  the  only  ob¬ 
served  common  denominator  of  habitat.  A  thorough  taxonomic  revision 
of  the  genus  is  in  order  including  a  careful  inspection  of  two  genera  of 
the  United  States,  Monotropsis  in  the  east  and  Pityopus  in  the  west. 


ACANTHOCEPHALA  OF  VERTEBRATES  COLLECTED  IN  THE 
McMURDO  STATION,  ANTARCTICA 

Harry  L.  Holloway 
Roanoke  College 

Two  hundred  and  fifteen  fishes,  representing  four  genera  and  nine 
species,  trapped  in  the  southeastern  corner  of  McMurdo  Sound,  near 
McMurdo  Station  (lat  77  55'  S;  long  166  39'  E),  have  been  examined 
for  helminths.  The  incomplete  analysis  of  acanthocephala  recovered  has 
revealed  the  presence  of  juvenile  Cory  nosoma  with  “semerme-like”  body 
spination  in  the  peritoneal  cavity  of  Trematomus  hernacchii ,  Trematomus 
horchgrevinki,  Trematomus  centronotus,  Trematomus  hansoni  and  Rhigo- 
phila  dearborni.  An  attempt  was  made  to  determine  whether  seals  or 
fish  eating  birds  are  the  homologous  host  of  Cory  nosoma  from  R.  dear¬ 
borni.  The  experimental  feeding  of  ten  cysts  to  a  guinea  pig  resulted  in 
the  premature  recovery,  eighteen  days  later,  of  three  intestinal,  immature 
Corynosoma  with  “semerme-like”  body  spination.  One  juvenile  Cory- 
nosoma  with  “semerme-like”  body  spination  was  recovered  from  the  intes- 
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tine  of  Pygoscelis  adeliae  collected  at  Cape  Crozer.  As  the  worm  was 
immature  the  adeliae  penguin  is  probably  a  heterologous  host.  Coryno- 
soma  of  similar  phenotype  were  recovered  from  three  Leptonychotes 
weddelli  examined.  Intestinal  Acanthocephala  of  the  genus  Echinorhyn- 
chus  have  been  recognized  from  T.  bernacchii  and  R.  dearborni.  (Sup¬ 
ported  by  National  Science  Foundation  Grant  GA-146) . 


HISTOLOGICAL  AND  CYTOLOGICAL  CHANGES  IN  THE  DUO¬ 
DENUM  OF  HYLA  VERSICOLOR  DURING  METAMORPHOSIS 

Henry  B.  Robinson 

University  of  Richmond  and  Roanoke  College 

The  histological  and  cytological  changes  occurring  in  the  duodenum 
of  Hyla  versicolor  during  metamorphosis  have  been  examined  with  phase 
and  light  microscopy.  With  the  onset  of  metamorphosis  the  cytoplasm 
of  the  epithelial  cells  in  the  mucosa  became  vacuolated  and  yellow  granules 
formed  in  the  areas  formerly  occupied  by  the  cytoplasm.  The  granules 
increased  in  size  and  number  in  association  with  the  loss  of  the  cytoplasm. 
Because  of  their  structure,  time  of  formation,  and  chemical  nature,  these 
granules  have  been  tentatively  identified  as  lysosomes.  With  the  degen¬ 
eration  of  the  cytoplasm,  basal  cells  appeared  above  and  adjacent  to  the 
basement  membrane.  The  basal  cells  proliferated  into  cell  nests  and 
then  became  radially  arranged  with  their  long  axes  toward  the  center 
forming  hollow  nests  of  generative  cells.  Each  nest  of  generative  cells 
then  opened  on  the  side  toward  the  lumen  forming  a  cup  of  generative 
cells.  With  continued  division  of  the  generative  cells  and  contraction 
of  the  duodenum,  the  rims  of  adjacent  cell  cups  fused  forming  the  new 
mucosa  and  sloughing  off  the  larval  mucosa  into  the  lumen. 


INVERSIONS  IN  A  MARGINAL  POPULATION  OF 
DROSOPHILA  WILLISTONI 

J.  Ives  Townsend 
Medical  College  of  Virginia 

An  examination  of  salivary  gland  chromosomes  of  larval  off-spring 
of  Drosophila  willistoni  females  inseminated  in  the  wild  and  collected  at 
“Hacienda  El  Destino”,  Argentina,  very  near  the  southern  boundary  of 
this  species,  showed  the  mean  frequency  of  heterozygous  inversions  per 
fly  to  be  2.66  ±0.11  in  a  sample  of  128  females  and  2.20  ±  0.15  in  a 
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sample  of  64  males.  The  means  were  of  about  the  same  magnitudes  as 
those  previously  reported  for  marginal  populations  of  this  species  in  Florida 
and  in  South  American  and  were  about  the  same  magnitudes  as  would 
be  expected  under  the  da  Cunha-Burla-Dobzhansky  hypothesis  that  the 
mean  frequency  of  heterozygous  inversions  is  proportional  to  the  avail¬ 
ability  of  ecological  niches  to  the  species.  (This  work  was  supported 
by  grants  from  the  Rockefeller  Foundation,  the  Conselho  Nacional  de 
Pesquisas  (Brazil),  and  CAPES  (Brazil),  and  performed  at  the  Univer¬ 
sity  of  Rio  Grande  do  Sul.) 

Editors  Note  —  The  following  papers  presented  at  the  1964  meeting 
were  not  published  in  the  Proceedings  of  that  meeting  due  to  no  fault 
of  the  authors. 


A  XERARCH  STUDY  IN  ROCKINGHAM  COUNTY,  VIRGINIA 

John  D.  Collins  and  James  F.  Ferry 
Madison  College 

A  xerarch  succession  was  studied  and  mapped,  beginning  on  bare 
rock  and  progressing  through  the  following  stages:  lichen,  moss  herbace¬ 
ous,  shrub  invasion,  shrub,  shrub-woodland,  and  climax  forest.  Each 
stage  had  its  characteristic  plant  life.  Environmental  conditions  were 
evaluated.  The  relative  humidity  was  determined  with  a  psychrometer. 
Light  readings  were  made  at  ground  level  with  a  Keystone  photometer. 
A  Hellige-Truog  reaction  pH  tester  was  used  to  measure  soil  acidity. 
Total  moisture  content  of  the  soil  was  determined  by  weight.  Soil  sam¬ 
ples  were  also  classified  as  to  color  and  texture.  Starting  on  the  bare 
rock,  the  ecological  stages  progressed  toward  the  climax.  It  was  appar¬ 
ent  that,  over  the  years,  such  factors  as  increased  humus,  moisture  avail¬ 
ability,  light,  temperature,  pH,  and  humidity,  have  caused  a  parade  of 
passing  species.  If  undisturbed  these  factors  will  not  doubt  affect  each 
habitat  so  that  it  will  become  less  favorable  for  present  plants  and  more 
favorable  for  succeeding  species  until,  under  existing  conditions,  the  oak- 
hickory  climax  for  the  entire  area  is  established. 


USEFUL  BOTANICAL  MATERIALS  FOR  GENERAL  BIOLOGY 

James  F.  Ferry 
Madison  College 

During  winter  months,  effectiveness  of  botanical  presentation  can 
be  enhanced  by  inexpensive  materials  including:  (1)  A  selected  herba- 
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rium,  of  about  500  common  regional  plants,  prepared  by  taping  dried 
specimens  on  11  by  16  inch,  110  index  mounting  paper,  and  enclosing 
all  members  of  each  family  in  a  separate  labeled  cover.  Three  alphabet¬ 
ized  lists  are  posted:  one  bearing  the  common  names,  each  followed  by 
the  family  name;  a  second  giving  the  genus,  species,  and  family  names; 
and  a  third  listing  only  the  family  names  in  order  of  their  arrangement 
on  the  herbarium  shelves.  Thus,  knowing  either  the  common  name  or 
genus,  one  can  quickly  locate  the  family  folder  containing  the  specimen 
desired.  (2)  Leaf  mounts,  including  fern  fronds  showing  sori.  These 
illustrate  various  forms,  margins,  tips,  bases,  and  venation,  enabling 
quick  identification  with  a  simple  leaf  key.  (3)  Three-dimensional  wood 
cuts  that  show  bark  patterns,  annual  rings,  grain  in  three  planes,  sapwood 
and  heartwood;  flat  uniform-sized  wood  blocks  which  make  possible 
volume-weight  measurements  and  imbibition  determinations;  3-D  thin 
mounts  that  facilitate  study  of  structure;  and  small  branches  which  can 
be  easily  identified  with  an  elementary  winter  characteristics  key. 


CLEAVAGE  FACTORS  IN  MARINE  EGGS 
D.  S.  Fry 

Randolph-Macon  Womans  College 

The  eggs  of  Arhacia  punciulata  were  reared  from  fertilization  through 
fourth  cleavage  in  sea  water  containing  5,  10,  17,  and  33  uc  of  tritiated 
thymidine  per  ml,  (Spec.  .Act3.0  C/mmole).  Controls  were  kept  in 
equivalent  molar  concentrations  of  “cold”  thymidine  and  in  sea  water. 
A  comparison  of  first  cleavage  times  showed  that  no  delay  occurred  in 
5  uc  cultures.  Cultures  reared  in  10  and  17  uc  showed  a  greater  effect 
of  thymidine  than  of  tritium;  when  cold  thymidine  speeded-up  first 
cleavage,  tritiated  thymidine  did  so  too  but  to  a  lesser  extent.  Cul¬ 
tures  reared  in  33  uc  showed  a  small  but  consistent  delay  compared 
with  sea  water  controls,  whereas  cold  thymidine  enhanced  the  rate  of 
first  cleavage.  Counts  made  on  fixed  embryo  showed  that  at  17  uc 
radioactive  cultures  were  delayed  only  three  per  cent  at  cleavages  I,  II, 
and  V.  Similar  counts  made  on  embryos  from  33  uc  cultures  showed  a 
delay  of  3-8  per  cent  at  cleavages  I,  II,  III,  and  V.  Cold  thymidine 
consistently  increased  the  rate  of  cleavage  in  the  33  uc  cultures  but 
not  in  cultures  containing  17  uc/ml.  Autoradiographs  were  made  on 
sectioned  embros  at  fourth  cleavage  (33  uc).  Dose  calculations  based 
on  A-R  grain  counts  indicate  that  the  nucleus  received  between  10-5  and 
10-4  rads.  (This  work  was  carried  out  during  the  tenure  of  a  C.  W. 
Hargitt  Fellowship  (Duke  University)  which  the  author  gratefully  acknowl¬ 
edges)  . 
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RARE  AND  REPRESENTATIVE  PLANTS  OF 
PITTSYLVANIA  COUNTY,  VIRGINIA 

William  T.  Hathaway  and  James  F.  Ferry 
Madison  College 

Pittsylvania  County  offers  a  variety  of  plant  habitats  including  wet 
and  dry  localities,  shady  and  open  areas,  and  northern  and  southern  ex¬ 
posures.  Cliffs,  ravines,  swamps,  springs,  abandoned  fields,  and  cut-over 
woods  further  diversify  environmental  conditions.  Repeated  visits  have 
enabled  careful  study  of  successive  plants  in  the  various  localities.  Tag¬ 
ging  plants  has  permitted  accurate  seed  collecting.  Plants  have  been 
mounted  and  catalogued  according  to  families,  genera  and  species,  with 
descriptions  of  habitats.  Of  the  458  specimens  classified  during  the 
summer  of  1963,  the  following  appear  to  be  rare  in  this  county:  Toad- 
shade  ( Trillium  sessile );  Purple  Fringeless  Orchis  ( Habenaria  peramoena); 
Whorled  Pogonai  ( Isotria  verticillata) ;  Dwarf  Anemone  ( Anemone  mini¬ 
ma;  Long-spurred  Violet  ( Viola  rostrata);  Walking  Fern  ( Comptosorus 
rhizophyllus) ;  and  the  Pinnatifid  Spleenwort  (Asplenium  pinnatifidum) . 
Other  plants  less  rare  but  infreqeuntly  found  are:  Twinleaf  (Jeffersonia 
diphylla);  Dutchman’s-breeches  ( Dicentra  cucullaria);  Showy  Orchis  ( Or¬ 
chis  spectahilis;  Yellow  Lady’s-slipper  ( Cypripedium  calceolus);  Ruellia 
( Ruellia  caroliniensis) ;  Gerardia  ( Gerardia  purpurea );  and  the  Carolina 
Lily  ( Lilium  Michauxii) .  Representative  plants  include  those  indigenous 
to  this  general  area  of  the  Piedmont. 


A  HYDRARCH  STUDY  IN  ROCKINGHAM  COUNTY,  VIRGINIA 

Donald  G.  Leisch  and  James  F.  Ferry 
Madison  College 

A  hydrarch  succession  was  studied  and  mapped,  beginning  in  open 
water  and  progressing  through  the  following  stages:  submerged,  floating, 
reed  swamp,  sedge  meadow,  shrub  woods,  woodland,  and  climax  forest. 
Each  stage  had  its  dominant  and  characteristic  plant  life.  Plant  adapta¬ 
tions  to  environmental  conditions  were  evaluated.  The  oxygen  and  car¬ 
bon  dioxide  contents  of  the  various  water  stages  were  determined  by  the 
Winkler  and  carbon  titration  methods  respectively.  Light  readings  were 
made  with  a  Keystone  photometer  at  ground  level.  Humidity  was  meas¬ 
ured  with  a  battery-powered  psychrometer.  A  Beckman  pH  indicator 
was  employed  for  water  samples,  and  a  Hellige-Truog  soil  reaction  pH 
tester  was  used  on  land.  Soil  water  content  was  also  calculated.  Each 
stage  or  subclimax  operates  to  its  own  disadvantage,  merely  by  existing 
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in  an  area.  Over  a  period  of  time,  it  changes  light  conditions,  tempera¬ 
ture,  humidity,  and  air  movement.  Litter  accumulates  influencing  soil 
temperature,  the  formation  of  humus,  pH,  available  water  and  minerals, 
and  aeration.  These  factors,  individually  and  collectively,  affected  the 
habitat  so  that  it  becomes  less  favorable  to  the  present  organisms  and 
more  favorable  for  succeeding  or  subsequent  species. 


THE  INFLUENCE  OF  DIFFERENTIAL  EARLY  SOCIAL  EXPERI¬ 
ENCE  UPON  SPATIAL  DISTRIBUTION  WITHIN  POPULATIONS 
OF  PRAIRIE  DEERMICE  * 

C.  Richard  Terman 
College  of  William  and  Mary 

Successive  populations  of  deermice  were  raised  in  the  laboratory 
from  weaning  age  (21  days)  in  isolation  or  in  groups.  At  10  weeks  of  age 
4  bisexual  pairs  from  each  social  treatment  were  systematically  released 
into  different,  44  acre  ‘mouse  proof”  plots.  There  were  8  experimental 
periods  during  which  8  successive  populations  of  4  bisexual  pairs  were 
living  in  each  of  the  2  plots.  Following  release  into  the  plots,  the  daily 
occurrence  of  the  mice  in  nest  boxes  was  recorded.  Seventeen  days  after 
release  all  mice  were  taken  to  the  laboratory  and  isolated  for  36  hours. 
Each  was  then  reintroduced  into  its  home  plot  at  a  point  distant  from 
its  previously  established  home  area.  The  location  of  each  mouse  for 
the  next  3  days  was  recorded.  In  the  last  3  experiments  young  alien 
mice  were  retained  in  one-half  of  the  nest  boxes  during  the  first  night 
after  reintroduction  of  the  residents.  At  the  conclusion  of  each  three- 
week  experimental  period,  all  field  experimentals  and  their  laboratory 
controls  were  killed,  weighed,  and  adrenals  removed  and  also  weighed. 

The  differential  effects  of  the  social  treatments  were  as  follows:  (a) 
The  mice  raised  in  isolation  combined  with  others  less  often  than  the 
mice  raised  in  groups;  were  slower  in  combining;  and  generally  maintained 
a  greater  distance  from  their  fellows:  (b)  The  mice  raised  in  isolation 
homed  significantly  more  often  than  those  raised  in  groups  during  the 
experiments  when  homing  was  established  as  a  phenomenon.  The  intro¬ 
duction  of  aliens  into  one-half  of  the  nest  boxes  had  a  more  adverse 
effect  upon  the  homing  performance  of  mice  raised  in  isolation  than  of 
those  raised  in  groups,  (c)  The  mice  raised  in  isolation  appeared  to  be 
less  sociable  and  more  spatially  oriented  than  those  raised  in  groups. 


346  The  Virginia  Journal  of  Science  [September 

THE  BENTHIC  MARINE  ALGAE  OF  VIRGINIA 

Jacques  S.  Zaneveld 
Old  Dominion  College 

A  taxonomic  and  ecological  study  extending  over  a  period  of  three 
years  was  made  of  the  benthic  marine  algae  of  the  Atlantic  coast  of  Vir¬ 
ginia.  A  total  of  95  species  and  10  varieties  were  collected.  The  majority 
of  these  species  was  recorded  here  for  the  first  time  for  both  Virginia 
and  this  part  of  the  Atlantic  coast.  In  relation  to  specific  ecological  con- 
ditons,  the  distribution  of  both  oceanic  and  estuarine  species  is  discussed, 
with  the  vertical  stratification  of  the  species  given  in  relation  to  tidal 
levels.  A  general  description  and  classification  of  the  algal  habitats  and 
the  compositon  of  the  algal  communities  is  also  included.  For  a  number 
of  species  data  regarding  their  reproductive  cycles  and  seasonal  appear¬ 
ance  were  obtained.  The  benthic  algal  flora  appears  to  consist  of  a  mix¬ 
ture  of  northern  and  southern  species.  With  regard  to  their  latitudinal 
range,  there  are  22  boreal  and  temperate  species  that  reach  their  south¬ 
ern  limit  in  Virginia,  whereas  only  3  (sub)  tropical  species  have  their 
norther  limit  here.  In  general,  the  north  temperate  element  dominates 
in  the  Virginia  marine  algal  flora,  which  illustrates  clearly  the  importance 
of  the  southbound  cold  water  current  along  the  Atlantic  West  coast  for 
the  transportation  of  spores,  zygotes  and  thallus  fragments.  The  distribu¬ 
tion  pattern  also  indicates  the  significance  of  the  geophysical  barrier  formed 
by  the  seaward  deflection  of  the  warm  water  of  the  Gulf  Stream  off  Cape 
Hatteras,  N.  C.  Of  the  total  number  of  algae  42%  belongs  to  the  division 
of  the  Rhodophyta,  28%  to  the  Chlorophyta,  19%  to  the  Phaeophyta,  10% 
to  the  Cyanophyta,  and  1%  to  the  Chrysophyta.  The  low  percentage 
of  the  brown  algae  is  due  to  lack  of  suitable  substrata,  since  this  part  of 
the  Atlantic  shore  line  is  characterized  by  sandy  and  muddy  bottoms. 
(These  studies  were  supported  by  N.S.F.  grants  G-17743  and  GB-1297). 
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SECTION  OF  CHEMISTRY 


J.  B.  Baffin,  Chairman  L.  D.  Lunsford,  Secretary 

R.  G.  Bass,  Section  Editor 


STUDIES  ON  ALPHA- AMINOALKANESULFONIC  ACIDS 

R.  G.  Bass 

Richmond  Professional  Institute 

J.  Doyle  Smith  and  John  Andrako 
Medical  College  of  Virginia 


Previous  investigators  have  reported  that  the  sodium  salts  of  amino- 
alkanesulfonic  acids  (I)  undergo  rearrangement  in  boiling  water  to  give 
sulfonamide  derivatives.  This  reaction  has  been  re-investigated  and  the 
compounds  thought  to  be  sulfonamides  (II)  have  been  identified  in  an 
unequivocal  way  as  amine  salts  (III)  by  elementary  analyses  and  alter¬ 
native  methods  of  prepartion. 


H 

! 

R-C-S03Na 

NH 

R*  (I) 


H  H 

R-C-SO.-N-R' 

I 

NH 

R'  (II) 


H 

R-C-SOsHsNR' 

! 

NH 

Rt  (III) 


The  usual  method  of  synthesis  of  sodium  a-aminoalkanesulfonates 
involves  the  reaction  of  an  aldehyde-bisulfite  product  with  an  amine  which 
may  be  aliphatic  or  aromatic.  In  this  study,  it  has  been  found  that  the 
compounds  reported  to  be  II  are  in  fact  III  and  in  general  may  be  pre¬ 
pared  by  simply  treating  an  aqueous  solution  of  I  with  dilute  hydrochloric 
acid  and  subsequent  neutralization  with  the  required  amine.  Alterna¬ 
tively,  the  addition  of  the  amine  hydrochloride  to  an  aqueous  solution 
of  I  results  in  the  precipitation  of  the  less  solution  III.  The  stability  of 
the  salts  of  a-aminoalkanesulfonic  acids  in  water  and  under  other  condi¬ 
tions  has  been  investigated.  The  salts  decompose  under  very  mild  con¬ 
ditions  in  water  and  other  media.  For  example,  sodium  a-anilinophenyl- 
methanesulfonate  (I,  R  and  R  !  =  C6H5)  when  stirred  in  water  for  two 
hours  decomposes  in  part  to  form  the  starting  materials,  benzaldehyde 
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and  aniline.  Decomposition  of  sodium  a-anilinophenylmethanesulfonate 
also  occurs  under  alkaline  conditions  to  give  an  85-90%  yield  of  benzalani- 
line.  The  instability  of  the  sodium  a-aminoalkanesulfonates  in  all  prob¬ 
ability  accounts  for  the  reported  action  of  these  substances  as  alkylating 
agents  with  active  methylene  compounds  such  as  diethyl  malonate. 

A  SYNTHESIS  OF  C14— LABELED  PYRENE 
R.  P.  Gerber 

Philip  Morris  Research  Center 

Pyrene-4, 9-C14  was  synthesized  in  5%  overall  yield  over  four  steps. 
Starting  materials  were  diphenoyl  chloride  and  N-methyl-C14-N-nitroso-p- 
toluenesulfonamide  having  a  radioactivity  of  1.0  me.  The  intermediates 
were  2,2'-bis(  diazoacetyl) -biphenyl,  obtained  by  Arndt-Eistert  synthesis, 
biphenyl-2,2/-diacetic  acid,  prepared  by  modified  Wolff  rearrangement  via 
its  ester,  and  4,9-dihycfroxypyrene,  obtained  through  treatment  of  the 
diacetic  acid  with  hydrofluoric  acid.  Reduction  to  pyrene  was  affected 
by  heating  the  dihydroxypyrene  with  red  phosphorus  and  hydriodic  acid. 
Column  chromatography  afforded  a  product  which  was  approximately 
90%  pure  and  had  a  specific  activity  of  490  /xc  per  milliomole. 

MOLECULAR  AGING  AND  SENESCENCE 
I.  Gordon  Fels 

Virginia  Institute  for  Scientific  Research 

A  general,  thermodynamic  hypothesis  for  biological  senescence  is  pre¬ 
sented.  Aging  is  defined  in  terms  of  spontaneous  structural  changes  in 
molecular  systems.  The  term  senescence  is  confined  to  functional  changes. 
The  moving  principle  of  molecular  aging  is  considered  to  be  the  retrac¬ 
tive  force  resulting  in  the  deswelling  of  biological  networks.  The  net¬ 
work  moves  in  the  direction  of  minimum  free  energy  by  the  growth  and 
formation  of  crystallites  through  hydrogen  and  hydrophobic  bonding. 
Specific  references  are  made  to  the  aging  of  collagen  and  rubber  which 
are  consistent  with  the  hypothesis.  Several  anticipations  growing  out  of 
the  hypothesis  are  enumerated,  some  fulfilled,  others  to  be  investigated. 
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COa  REMOVAL  AND  RECOVERY  NEW  POLYGLYCOL 
ETHER  PROCESSES 

P.  A.  Greene  and  G.  S.  Kutsher 
Nitrogen  Division,  Allied  Chemical  Company 

The  dimethyl  ether  of  tetra ethylene  glycol  was  found  to  be  an  excel¬ 
lent  solvent  for  C02.  Subsequently,  it  was  discovered  that  a  less  expen¬ 
sive  mixture  of  dimethyl  ethers  of  polyethylene  glycol  ranging  from  di- 
to  heptaglycol  was  as  effective  as  pure  dimethyl  ether  of  tetraethylene 
glycol  in  absorption  of  C02.  It  was  demonstrated  that  the  C02  con¬ 
tent  of  ammonia  synthesis  gas  could  be  reduced  via  dimethyl  ether  of 
polyethylene  glycol  pressure  scrubbing  from  17%  to  0.5%,  a  level  quite 
amenable  to  final  cleanup  via  ethanolamine.  It  was  also  shown  that 
the  scrubbing  system  consisting  of  dimethylether  of  polyethylene  glycol 
mixed  with  diisopropanolamine  has  excellent  C02  equilibrium  solubilities. 
In  the  pilot  plant  this  system  readily  decreased  C02  content  of  ammonia 
svnthesis  gas  from  17%  to  500  ppm,  a  concentration  which  can  be  han¬ 
dled  by  methanation. 


A  THEORETICAL  MODEL  FOR  A  CHEMILUMINESCENT  GAS 
TRAIL  RELEASED  IN  THE  UPPER  ATMOSPHERE 

Richard  A.  Hord 

National  Aeronautics  and  Space  Administration 

An  experimental  technique  for  studying  the  heterosphere  (altitudes 
greater  than  90  kilometers )  utilizes  the  night-time  reelase  of  a  rocket- 
borne  gas  which  reacts  with  the  ambient  atomic  oxygen  to  produce 
chemiluminescence .  With  certain  simplifying  assumptions  concerning  the 
atmosphere,  trail  dynamics,  diffusion,  and  chemical  reactions,  the  intensity 
of  radiation  from  the  trail  is  calculated  in  terms  of  the  time  and  the 
release  parameters. 


THE  DIRECT  POTENTIOMETRIC  TITRATION  OF  POLYETHY¬ 
LENE  GLYCOLS  AND  THEIR  DERIVATIVES  WITH  SODIUM 
TETRAPHENYLRORON 

Robert  ].  Levins  and  Robert  M.  Ikeda 
Philip  Morris  Research  Center 

A  simple,  direct  potentiometric  titration  has  been  developed  for 
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polyethylene  glycols  (PEG’s)  and  their  derivatives,  using  sodium  tetra- 
phenylboron  (NaTPB)  as  titrant  in  the  presence  of  barium  ion.  A  com¬ 
bined  titrimetric  and  gravimetric  procedure  demonstrates  that  PEG’s 
whose  molecular  weights  range  from  600  to  4,000  react  stoichiometrically 
to  form  complex  precipitates  containing  2  moles  of  TPB  and  10.4  moles 
of  ethylene  oxide  for  each  mole  of  barium.  The  approximate  molecular 
weight  of  an  unknown  PEG  may  be  obtained  from  the  infrared  spectrum 
of  its  precipitate.  The  titration  is  applicable  to  other  polyethylene  oxide 
derivatives. 


NOVEL  PHOTOCHEMICAL  AND  CATALYZED  INTER-REAR¬ 
RANGEMENTS  OF  PHENYLATED  3,4-  and  4,5-DIHYDROFU- 
RANS,  CLCLOPROPYL  KETONES  AND  p,  y-UNSATURATED 
KETONES.  PART  I.  BIS-2,2'- ( 3, 4-DIHYDROFURANYL) 
HYDRAZINES.  II.  3,4-  AND  4,5— DIHYDROFURANS. 

III.  VINYLOGS  OF  BENZPINACOL.  IV.  y— BROMODYPNONE. 

V.  p,  y-UNSATURATED  KETONES. 

Robert  F.  Lutz,  David  W.  Boykin,  Jr.,  R.  G.  Bass, 

Robert  E.  Pratt,  and  John  I.  Dale 
University  of  Virginia 

Transannular  phenyl  migration  during  pyrolytic  and  photolytic  de- 
nitrogenation  of  2,2'-hydrazino-bis-2,3,5,5-tetraphenyldihydrofuran  has 
been  established  by  14C-tracing.  2,3,5,5-tetraphenyl-2,5~  and  4,5-dihydro- 
furans  (I,  II)  were  synthesized  and  shown  non-intermediate  by  different 
behaviors.  I  upon  irradiation  underwent  5-to-4  phenyl  migration  and 
cleavage  to  l,2,3,4-tetraphenyl-3-  butenone  (III),  where  as  acid  caused 
cleavage  without  phenyl  migration,  to  the  isomeric  l,2,4,4-tetraphenyl-3- 
butenone  (IV).  II  upon  irradiation  underwent  valency  automerization 
to  1,2,2-cyclopropyl  phenyl  ketone  (V)  which  under  acid  first  reverted 
to  II  and  then  gave  ketone  IV,  without  phenyl  migration.  The  trans 
vinylog  of  benzpinacol  undergoes  acid-catalyzed  pinacol  type  rearrangement 
to  the  unsaturated  ketone  IV.  The  cis  isomer  was  first  dehydrated  to  its 
dihydrofuran  and  then  underwent  ring  cleavage  and  the  same  rearrange¬ 
ment  to  IV.  Base-induced  rearrangement  of  l,3-diphenyl-4-bromo-2-buta- 
none  to  2,5-diphenylfuran  and  2,5-diphenvl-l,4-butanedione,  already  shown 
by  wC-tracing  probably  to  proceed  through  a  cyclopropvl  ketone,  involves 
the  2-methoxy-2,5-dihydrofuran  which  has  been  isolated  and  its  structure 
proved.  l,2,4,4-tetraphenyl-3-butenone  upon  irradiation  underwent  2-to-3 
phenyl  migration  and  cyclization  to  2,2,3-triphenvlcyclopropyl  phenyl 
ketone  which  is  cleaved  by  acid  to  l,3,4,4-tetraphenvl-3-butenone.  A 
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novel  benzene  solvent  effect  on  the  n.m.r.  spectrum  of  the  phenylated 
cyclopropyl  ketones  distinguishes  cis  from  trans  configuration.  The  me¬ 
chanisms  and  significance  of  the  new  reactions  are  discussed. 

PRODUCTION  OF  ALLENE  AND  METHYLACETYLENE  IN  THE 
REACTION  OF  ATOMIC  CARBON  WITH  ETHYLENE 
Maryan  L.  Marshall 
Randolph-Macon  Womans  College 
Colin  MacKay 
Havei'ford  College 
Richard  Wolfgang 
Yale  University 

Previous  studies  on  the  reactions  of  atomic  carbon  with  hydrocarbons 
led  to  the  proposal  of  two  major  reaction  mechanisms:  C-H  bond  insertion 
and  pi-bond  insertion.  The  atomic  carbon  was  C11  (205  min.  half-life), 
produced  by  nucelar  techniques.  In  the  reaction  of  C11  with  ethylene, 
both  allene  and  methylacetylene  are  formed  as  products  in  16.5%  and 
4.5%  yield,  respectively  in  the  gas  phase.  Since  both  of  these  products 
have  the  composition  of  the  initial  collision  complex,  one  carbon  atom  and 
one  ethylene  molecule,  the  mechanism  of  their  formation  may  be  particu¬ 
larly  simple.  Degradative  studies  on  allene  an  dmethylacetylene  have 
confirmed  the  C-H  and  pi-bond  insertion  mechanisms,  and  have  provided 
a  measure  of  the  relative  importance  of  the  two  mechanisms  in  the 
formation  of  these  products.  From  the  degradative  studies,  pi-bond 
insertion  appears  to  be  favored. 

THE  REACTION  OF  CARBON  WITH  ATOMIC  OXYGEN 
R.  C.  Melucci  and  J.  P.  Wightman 
Virginia  Polytechnic  Instiute 

The  reaction  of  graphitic  carbon  with  atomic  oxygen  produced  in  a 
microwave  discharge  was  studied  at  ambient  temperatures  as  a  function 
of  oxygen  pressure  and  distance  of  the  carbon  sample  from  the  discharge. 
Significant  concentrations  of  both  CO  and  C02  were  produced  on  reac¬ 
tion.  A  gas  chromatographic  technique  was  developed  whereby  mix¬ 
tures  of  Oa,  CO  and  COs  at  pressures  of  approximately  0.1  torr  could 
be  analyzed  quantitatively.  The  concentration  of  atomic  oxygen  down¬ 
stream  from  the  discharge  was  established  by  product  analysis  and  inde¬ 
pendently  by  isothermal  calorimetry.  Good  agreement  was  obtained  on 
comparison  of  the  results  of  the  two  techniques. 
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ELECTRONEGATIVITY  AND  STABILITY  OF  CYCLOPENTADIENYL 
IRON  CARBONYL  DERIVATIVES 

George  H.  Miller  and  Joseph  T.  Zung 
College  of  William  and  Mary 

Theoretical  estimates  of  the  Fe— C  bond  energies  in  terms  of  the 
various  valence  states  of  the  central  atom  shows  that  pure  sigma  bonds 
between  iron  and  carbon  atoms  are  quite  unstable.  The  stability  of  some 
recently  prepared  alkyl  and  aryl  cyclopentadienyl  iron  carbonyl  deriva¬ 
tives  of  the  type: 

CO 

(7 r)  -  C5H5  -  Fe  -  R(5)  ;  R  =  CH3 ,  CC13 ,  CF3 ,  C2H5 ,  C6H5 
CO 

is  discussed  in  the  light  of  theoretical  results  concerning  the  electronega¬ 
tivity  of  the  ligands  and  the  states  of  hybridization  of  the  central  atom. 
Methods  of  synthesis  of  these  derivatives  are  also  presented. 


AN  APPARATUS  FOR  THE  STUDY  OF  DISSOCIATION 
IN  GASES 

John  W.  Murray 
Virginia  Polytechnic  Institute 

Experiments  with  chemical  equilibrium  are  an  important  part  of  an 
undergraduate  laboratory  course  in  physical  chemistry.  It  is  desirable  to 
include  in  such  a  course,  an  experiment  which  can  be  completed  in  a 
single  three  hour  laboratory  period.  An  apparatus  has  been  developed 
which  permits  the  student  to  obtain  the  necessary  data  to  determine  the 
equilibrium  constant  for  the  dissociation  of  N204  to  N02  at  six  tem¬ 
peratures  in  about  ninety  minutes.  From  this,  he  can  calculate  the  stand¬ 
ard  enthalpy  of  reaction,  the  Gibbs  free  energy  of  reaction  and  the 
entropy  of  reaction.  Danger  from  the  toxic  gas  is  minimized  by  perma¬ 
nently  sealing  the  sample  in  the  apparatus.  The  apparatus  is  based  on 
an  all  glass  Bourdon  gage  sealed  into  a  sample  tube  containing  the  gas 
under  study.  The  pressure  of  the  gas  is  balanced  by  the  air  pressure 
on  one  side  of  an  open  mercury  manometer  and  the  state  of  balance 
is  indicated  by  the  gage. 


1965] 


Proceedings  1964-1965 


353 


CHEMISTRY  OF  NITRYL  CHLORIDE 

David  L.  Myers  and  John  H.  Wise 
Washington  and  Lee  University 

Various  reactions  of  nitryl  chloride,  which  reacts  according  to  ionic 
and  radical  mechanisms,  have  been  investigated.  The  use  of  gas  chro¬ 
matography  in  separating  the  products  of  the  free  radical  reaction  be¬ 
tween  nitryl  chloride  and  cvclohexane  will  be  discussed. 


LOW  TEMPERATURE  VISCOELASTICITY  OF  POLY-OXY-METHY- 
LENE  BY  RADIATION  INDUCED  SOLID  STATE  POLYMERIZA- 
TON  OF  TRIOXANE  SINGLE  CRYSTAL 
M.  Okuyama  and  K.  Yamamoto,  Osaka  University,  Japan,  and 
Joseph  T.  Zung,  College  of  William  and  Mary 

A  trioxane  single  crystal  (5  cm  x  3  mm  x  3  mm)  was  irradiated 
by  Co60  gamma  rays.  The  polymerization  ratio  is  60%.  The  poly- 
merizate  is  a  porous,  white  cylinder  of  poly-oxy-methylene,  whose  direc¬ 
tion  of  crystal  axes  is  unique.  The  dynamic  viscoelasticity  was  measured 
by  the  vibrating-reed-method  at  a  temperature  range  of  — 180°  to  — 10 0  C. 
The  peak  of  the  imaginary  part  of  the  Young’s  modulus  E2  is  at  — 60°  C, 
and  the  peak  of  tana-  is  at  about  — 85°  C.  These  peaks  are  at  lower 
temperatures  and  their  heights  are  much  lower  than  the  values  obtained 
with  samples  prepared  by  other  methods  (e.g.  Delrin),  which  are  the 
non-porous  aggregates  of  microscopic  crystallites  and  whose  directions  of 
crystal  axis  are  at  random. 


THE  BIOSYNTHESIS  OF  THE  ANTIBIOTIC,  CITRININ 

O.  R.  Rodig,  L.  C.  Ellis  and  L.  T.  Glover 
University  of  Virginia 

The  metabolic  route  by  which  the  antibiotic  citrinin  is  produced 
from  glucose  by  the  mold  Penicillium  Citrinium  has  been  investigated 
for  the  purpose  of  establishing  whether  degradation  to  acetate  is  a  neces¬ 
sary  requirement  in  the  biogenetic  process.  The  method  involved  the 
use  of  both  glucose  — C^4  and  glucose  — C614,  followed  by  stepwise 
degradation  of  the  resulting  radioactive  citrinin.  The  evolution  of  a  satis¬ 
factory  degradative  scheme  required  considerable  effort  since  the  ring 
system  was  found  to  be  susceptible  to  facile  oxidation,  rearrangement, 
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and  steric  inhibition  of  reactions,  preventing  the  successful  application  of 
a  number  of  classical  degradation  methods.  The  distribution  of  radio¬ 
activity  in  the  citrinin  product  makes  it  possible  to  draw  conclusions 
concerning  intermediary  steps  in  its  biogenesis.  Additional  information 
was  obtained  by  monitoring  the  radioactivity  of  the  carbon  dioxide 
evolved  during  the  growth  cycle.  The  results  obtained  will  be  discussed 
in  relation  to  known  metabolic  pathways,  including  the  role  played  by 
0—1  donors. 


THE  GUANYLHYDRAZONES 

James  K.  Shillington,  Thomas  P.  Foley,  F.  Scott  Kennedy,  Jr.,  and 
William  Scott  Russell,  Jr. 

Washington  and  Lee  University 

The  guanylhydrazones  have  been  prepared  as  salts  of  optically  active 
acids,  R(R')C  =  NNHC(NH)NH3+  ,_02CR*,  and  as  mixed  salts  of  a 
dicarboxylic  acid  and  brucine,  R  ( R' )  C  =  NNHC  ( NH )  3+  ,  “OoCRCOo-, 
BruH+  . 


A  PAPER  CHROMATOGRAPHY  ANALYSIS  INVOLVING  SUGARS 
FOR  THE  ELEMENTARY  ORGANIC  LABORATORY 

James  K.  Shillington  and  Herbert  J.  Mitchell 
Washington  and  Lee  University 

A  simple  experiment  has  been  devised  for  determining  Rf  values 
for  a  number  of  known  sugars  and  for  separating  and  determining  the 
members  in  unknown  mixtures  of  these  sugars. 


STUDY  OF  THE  EARLY  PHASES  OF  REACTION  OF  GASES 
ON  SINGLE  CRYSTAL  METAL  SURFACE  BY  LOW  ENERGY 
ELECTRON  DIFFRACTION  TECHNIQUES 

G.  W.  Simmons  and  K.  R.  Lawless 
University  of  Virginia 

The  slight  penetration  of  electrons  with  energies  of  less  than  300 
ev  makes  it  possible  to  resolve  surface  structures  of  solids  and  adsorbed 
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gas  structures  which  represent  less  than  monolayer  coverages.  Clean 
surfaces  are  obtained  by  heat  treatment  and  argon  ion  bombardment  in 
ultra-high  vacuum.  In  the  study  of  oxygen  adsorption  on  the  (100) 
surface  only  one  well-defined  structure  was  found  for  exposures  between 
2  x  10  4  and  1  x  10-6  torr  minutes.  This  structure  has  a  rectangular 
unit  net  with  its  edges  parallel  to  the  [10]  and  [01]  directions,  and 
has  the  dimensions  of  a  x  2a  where  a  is  the  unit  vector  of  the  centered 
square  unit  net  of  the  copper  substrate. 


AN  ELECTRON  MICROSCOPIC  INVESTIGATION  OF  THE 
OXIDATION  OF  COPPER  SINGLE  CRYSTALS  IN  SOLUTIONS 
OF  CUPRIC  FORMATE  AND  CUPRIC  PERCHLORATE 

R.  W.  Topham  and  G.  T.  Miller 
Hampden-Sydney  College 

Electron  microscopv  was  used  to  study  the  topography  of  oxide 
films  on  the  (110),  (111),  and  (100)  faces  of  copper  single  crystals 
immersed  in  aqueous  solutions  of  cupric  formate  and  cupric  perchlorate. 
A  previous  study  indicated  that  with  cupric  sulfate  the  oxide  was  generally 
in  the  form  of  polyhedra  and  with  cupric  acetate  the  oxide  was  gen¬ 
erally  a  smooth  and  continuous  film.  Recause  of  the  similarity  of  anions, 
it  was  expected  that  oxide  films  formed  in  cupric  formate  would  resem¬ 
ble  those  in  cupric  acetate  and  those  in  cupric  perchlorate  would  resemble 
those  in  cupric  sulfate.  In  the  present  study  the  following  was  found: 
(1)  in  cupric  formate,  generally  smooth  continuous  oxide  films,  even 
somewhat  smoother  than  those  with  cupric  acetate,  were  formed;  (2)  in 
cupric  perchlorate,  polvhedra  were  formed  on  the  (100)  face,  relatively 
smooth  films  with  some  cracking  on  the  (111)  face,  and  a  rougher 
film  with  many  cracks  on  the  (110)  face.  This  study  again  points  up 
the  important  role  of  the  anion  of  the  copper  salt  on  the  oxidation  proc¬ 
ess. 


CONCERNING  THE  NATURE  OF  AQUEOUS  FORMALDEHYDE 

H.  E.  Ulmer,  D.  S.  Shriver,  and  C.  H.  Hibbitts 
Nitrogen  Division,  Allied  Chemical  Corporation 

Molecular  weight  studies  and  the  infrared  spectra  of  aqueous  form¬ 
aldehyde  solutions  support  the  existence  of  methvlenediol  in  dilute  solu¬ 
tion.  Increasing  formaldehyde  concentration  favors  higher  degrees  of 
polymerization.  However,  even  in  40.9%  formaldehyde  the  predominate 
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species  appear  to  be  HOCH2OH  and  H0(CH20)2H  with  small  amounts 
of  higher  polymeric  species.  The  attainment  of  the  equilibria  involved 
is  very  rapid  at  25°  C.  and  above. 


THE  PREPARATION  OF  PHENANTHRO  (2,  3,  4  -  f  g)  NAPH- 
THACENE  -  11-  ONE 

Frank  A.  Vingiello,  Tom  Greenwood  and  Muriel  Jones 
Virginia  Polytechnic  Institute  and  Randolph-Macon  Womans  College 

A  six  step  synthesis  was  used  to  prepare  the  title  compound.  All 
steps  will  be  discussed  in  detail  and  a  proof  of  structure  for  the  final 
compound  as  well  as  new  intermediates  will  be  presented.  The  proof 
will  include  spectral  data. 


OPENING  THE  MORPHOLINE  RING  IN  MORPHOLINE 

DERIVATIVE 

Frank  A.  Vingiello  and  Roger  Duranleau 
Virginia  Polytechnic  Institute 

The  prime  objective  of  this  research  was  to  open  the  morpholine 
ring  at  the  oxygen  atom  with  accompanying  formation  of  the  correspond¬ 
ing  nitrogen  mustard  derivative.  We  have  succeeded  in  doing  this  and 
have  prepared  some  new  nitrogen  mustards  by  this  porcedure.  The 
details  of  the  new  procedure  including  the  analytical  methods  used  will 
be  presented. 

7  -  PHENYLDIBENZ  (a,  h)  ANTHRACENE  AND  BENZO  (e) 
NAPHTHO  (1,  2— b)  PYRENE 

Frank  A.  Vingiello,  Virginia  Polytechnic  Institute  and 
Paul  D.  Henson,  Roanoke  College 

All  three  general  methods  which  have  been  applied  to  the  prepara¬ 
tion  of  dibenz  (a,  h)  anthracene  derivatives  have  severe  limitations. 
We  have  succeeded  in  extending  an  aromatic  cycloclehydration  reaction 
to  the  preparation  of  these  compounds.  The  detailed  preparation  of  the 
title  compounds  will  be  presented.  A  new  procedure  for  effecting  dehy¬ 
drogenations  will  be  discussed. 
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A  FRESHMAN  CHEMISTRY  COURSE  FOR  WELL  PREPARED 

STUDENTS 

William  J.  Watt 
Washington  and  Lee  University 

A  new  course,  Special  Topics  in  General  Chemistry,  was  offered 
for  the  better  prepared  incoming  Freshmen  during  the  Fall  semester  at 
Washington  and  Lee.  This  course  enabled  a  completion  of  the  neces¬ 
sary  work  in  general  chemistry,  qualitative,  and  quantitative  analysis  in 
one  year.  The  topics  discussed  included  atomic  structure,  periodicity, 
bonding,  thermodynamics,  equilibrium,  and  chemical  separations.  In  the 
laboratory,  selected  experiments  from  general  chemistry  and  qualitative 
analysis  were  carried  out.  The  methods  of  selecting  students,  the  effec¬ 
tiveness  of  the  course,  the  students’  and  the  teachers’  evaluation  of  the 
course  are  discussed. 


THE  POLAROGRAPHY  OF  BIPHENYL  IN  ALCOHOLIC 
DIMETHYLFORMAMIDE  SOLUTIONS 

William  I.  Williams  and  John  G.  Mason 
Virginia  Polytechnic  Institute 

The  polarographic  reduction  of  biphenyl  has  been  studied  in  etha- 
nolic  —  DMF  solutions  and  pure  ethanol  using  tetrabutyl  ammonium 
iodide  as  the  supporting  electrolyte.  The  electrode  process  is  reversi¬ 
ble  in  ethanolic  —  DMF  and  DMF  solutions  provided  sufficient  support¬ 
ing  electrolyte  is  present.  The  primary  process  is 

</> 2+1  e±^ 

followed  by  reaction  of  the  biphenyl  radical  anion  with  ethanol  leading 
to  a  species  capable  of  further  reduction.  The  overall  process  appears 
to  involve  two  electrons.  However,  both  the  shape  of  the  polarographic 
wave  and  the  wave  height  are  sensitive  functions  of  the  supporting  elec¬ 
trolyte  concentration. 

REARRANGEMENT  OF  A  PLATINUM  CATALYTIC  SURFACE 

Szu-I  Wu,  L.  B.  Johnson,  and  K.  R.  Lawless 
University  of  Virginia 

A  study  of  a  platinum  catalyst  surface  used  for  the  oxidation  of 
ammonia  was  carried  out.  Platinum  single  crystal  spheres  were  examin- 
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ed  after  their  subjection  first  to  oxygen  and  ammonia  atmospheres  respec¬ 
tively  at  about  950°  C.  Then  mixtures  of  various  ratios  of  oxygen  to 
ammonia  were  allowed  to  react  on  the  surface  of  the  platinum  sphere 
again  at  950°  C.  The  surface  was  examined  by  optical  and  electron 
microscope  techniques.  Oriented  terraces  formed  around  the  [100]  and 
[111]  poles  in  all  cases,  and  only  to  a  lesser  extent  around  the  [100] 
poles  in  the  case  of  ammonia  and  mixtures. 


STRUCTURAL  RELATION  TO  CHROMATOGRAPHIC  BEHAVIOR 
IN  THE  GAS  CHROMATOGRAPHY  OF  CARBAMATES 

Walter  L.  Zielinski,  Jr.,  Lawrence  Fishbein  and  Arthur  J.  Pallotta 
Bionetics  Research  Laboratories ,  Inc. 

Concomitant  with  an  extensive  pesticidal  feeding  program  —  toxicolo¬ 
gical,  pharmacological  and  metabolic  studies  of  diverse  carbamate  struc¬ 
tures  have  prompted  the  necessity  of  investigating  the  use  of  gas  chro¬ 
matography  as  an  analytical  tool  in  carbamate  identification  and  measure¬ 
ment1  The  chromatographic  behavior  of  commercial  and  synthesized 
carbamate  derivatives  has  been  studied  and  categorically  evaluated  on  a 
polar  vs.  a  non-polar  liquid  phase.  The  chromatographic  contributions 
of  specific  structural  moieties  such  as  branched  and  linear  alkyl  chains, 
unsaturation  and  oxygen-containing  groups  have  been  delineated.  A  sys¬ 
tem  for  the  semi-quantitative  estimation  of  the  chromatographic  contribu¬ 
tion  of  specific  moieties  has  been  suggested. 


APPROXIMATE  WAVE  FUNCTION  FOR  SHORT  RANGE 
NUCLEAR  POTENTIAL,  AND  ITS  APPLICATIONS  TO 
TWO  AND  THREE  BODY  PROBLEMS 

Joseph  T.  Zung 
College  of  William  and  Mary 

Various  short-range  potentials  used  in  nuclear  fields  are  examined, 
and  an  exact  solution  to  the  meson  potential  problem,  derived  by  Hul- 
then,  is  shown  to  be  of  practical  applicability  to  the  solution  of  two- 
or  three-body  problems  in  atomic  as  well  as  in  nucelar  structure.  Of 
particular  interest  is  the  linear  combination  of  the  Is  function  and  the 
Hulthen  function  of  the  type:  Os=  (l/r[exp(-ar)-  exp(-br)]  which  could 
be  used  as  a  variational  function  to  determine  the  Hartree-Fock  energy 
of  manv-electron  atoms  or  ions.  General  conclusions  can  be  drawn  from 
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this  study  concerning  the  screening  effect  of  inner  shells  of  electrons  upon 
the  behavior  of  the  outer  electrons,  as  suggested  by  the  values  of  the 
orbital  exponents  obtained  by  the  variation  method. 


SECTION  OF  ENGINEERING 

H.  G:  Larew,  Chairman  A.  Jackson,  Jr.,  Secretary 

J.  A.  Friedericy,  Section  Editor 

SYMPOSIUM  ON  INSTRUMENTATION  AND  CONTROLS 
Moderator: 

Robert  L.  Wehrle,  Robertshaw  Controls  Co. 

BIOMEDICAL  INSTRUMENTATION 

Otis  L.  Updike,  University  of  Virginia 
Donald  J:  Wright,  University  of  Virginia  Medical  Center 

SPACE  CRAFT  INSTRUMENTATION  ENGINEERING 
Edward  A.  Wolff,  Aero  Geo  Astro,  Division  of  Keltec  Industries,  Inc. 


THE  COMPUTERIED  BUILDING 

‘‘An  Overview  Look  at  the  Present  and  into  the  Future”,  —  Nash  M.  Love, 
Nash  M.  Love  and  Assoc. 

“The  Computor”,  Ray  West,  Westinghouse  Electric  Corp. 

'‘The  Controls  and  Control  Systems”,  Robert  P.  Konter,  Robertshaw  Con¬ 
trols  Co. 


RATE  OF  GROWTH  OF  SINGLE  CRYSTALS  IN  CONTINUOUS 
CRYSTALLIZERS  OF  VARIED  GEOMETRIES 

V.  N.  Bahai  and  Richard  G.  Griskey 
Virginia  Polytechnic  Institute 

Earlier  investigations  indicated  that  the  rate  of  growth  of  crystals 
in  continuous  devices  combined  mass  transfer  with  crystallization  kinetics. 
The  former  effect  was  related  to  the  velocity  of  the  supersaturated  solu- 
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tion  stream  and  the  latter  to  the  temperature.  Dimensionless  correlations 
were  developd  that  related  the  mass  transfer  coefficient  to  a  modified 
Reynolds  number  and  a  modified  Schmidt  number.  All  of  this  work,  how¬ 
ever,  had  been  done  for  crystallizations  zones  having  circular  cross-sec¬ 
tions.  The  present  work  was  undertaken  to  study  systems  having  non¬ 
circular  crystallization  zones.  Studies  were  directed  to  the  rate  of  growth 
of  single  crystals  of  copper  sulfate  pentahydrate  in  circular,  elliptical  and 
rectangular  crystallization  zones.  Data  were  taken  at  several  tempera¬ 
tures.  Experimental  results  were  used  to  develop  a  generalized  correla¬ 
tion  that  took  into  effect  the  geometry  of  the  crystallization  zone. 


NEUTRON  SPECTRUM  MEASUREMENTS  IN  THE  SPECTRAL 
SHIFT  CONTROL  REACTOR  CRITICAL  EXPERIMENTS 
M.  N.  Raldwin 

The  Babcock  and  Wilcox  Company,  Lynchburg 

The  Spectral  Shift  Control  Reactor  relies  on  a  shift  in  its  neutron 
energy  spectrum  for  its  gross  reactivity  control.  The  reactor  is  moderated 
and  cooled  by  a  variable  mixture  of  D20  and  H20,  and  the  spectrum 
is  shifted  by  varying  the  hydrogen  to  deuterium  ratio.  Neutron  spectrum 
measurements  in  the  range  1  to  2000  ev  were  made  in  critical  assemblies 
at  The  Babcock  &  Wilcox  Company’s  Critical  Experiment  Laboratory  by 
activating  thin  foils  of  materials  having  principal  activation  resonances 
at  appropriately  spaced  energies.  Isotopes  used  were  Rh-103,  Au-197, 
W-186,  Co-59,  Mn-55,  and  Se-80,  having  principal  resonances  at  1.26, 
4.9,  18.8,  132,  337  and  2000  ev  respectively.  D20  concentration  of  the 
moderator  varied  from  0%  to  78%.  The  foils  were  calibrated  by  irradia¬ 
tion  in  the  water  reflector  of  the  Lynchburg  Pool  Reactor  where  the 
spectrum  is  inversely  proportional  to  the  neutron  energy.  The  experi¬ 
mental  results  are  compared  with  the  neutron  spectra  predicted  by  digital 
computer  solutions  of  the  multi-energy  diffusion  equations.  Agreement 
is  excellent  except  at  the  2000  ev  point. 


THE  USE  OF  X-RAY  DIFFRACTION  TECHNIQUES  FOR 
DIFFUSION  STUDIES 

T.  T.  Bales,  D.  N.  Braski,  and  C.  R.  Houska 
Virginia  Polytechnic  Institute 

The  purpose  of  this  investigation  is  to  determine  concentration-pene¬ 
tration  curves  which  describe  the  diffusion  of  a  thin  metallic  film  into 


1965] 


Proceedings  1964-1965 


361 


its  substrate,  using  x-ray  diffraction  techniques.  Thin  films  of  pure 
nickel  plates  onto  pure  copper  and  copper  films  plated  onto  nickel  were 
allowed  to  diffuse  for  various  times  at  750°  C  and  850°  C.  After  each 
high  temperature  anneal,  the  profiles  of  the  (111),  (200),  and  (220) 
copper-nickel  peaks  were  measured  accurately  by  step  scanning.  The 
resultant  peak  profiles  were  corrected  for  instrumental  broadening  and 
then  analyzed  to  obtain  the  concentration-penetration  curves  for  various 

annealing  times.  These  experimental  curves  are  compared  to  those  ob¬ 
tained  theoretically. 


MOMENT-ROTATION  RELATIONSHIPS  OF  REINFORCED  CON¬ 
CRETE  BEAMS  WITH  AND  WITHOUT  WEB  OPENINGS 

Richard  M.  Barker  and  Chung  Nan  Cheng 
Virginia  Polytechnic  Institute 

In  developing  inelastic  methods  of  analyzing  indeterminate  reinforced 
concrete  frameworks,  one  of  the  fundamental  relationships  that  must  be 
determined  is  that  of  moment  versus  rotation.  In  order  for  moment 
redistribution  to  take  place,  the  cross-section  must  have  adequate  rotational 
oapactiy  so  that  “hinges”  can  form.  This  paper  reports  some  recent  find¬ 
ings  showing  that  reinforced  concrete  memoers  do  possess  considerable 
ductility  and  ability  to  form  such  hinges.  Specifically,  results  are  pre¬ 
sented  on  a  series  of  4"  x  7"  x  6'-0"  beams  loaded  at  the  third  pomts 
up  to  and  beyond  their  ultimate  capacities.  Comparisons  are  made  of 
ultimate  moments  and  moment-rotation  relationships  for  beams  with  and 
without  web  openings.  The  web  openings  are  made  in  the  tension  zone 
of  the  beams;  they  vary  in  size  from  one-third  to  two-thirds  of  the  effec¬ 
tive  area.  The  range  of  steel  area  is  from  1%  to  3%. 


TH02-U23302  RECYCLE  FUEL  FABRICATION 
PART  II -FUEL  ROD  FABRICATION 
L.  D.  Barnes 

The  Babcock  and  Wilcox  Company 

A  pilot  plant  was  set  up  to  demonstrate  the  feasibility  of  fabrica¬ 
tion  of  fuel  rods  using  sol-gel  produced  recycled  Th02-U02  fuel.  The 
basic  steps  in  the  fabrication  process  are  vibratory  compaction,  welding, 
non-destructive  testing,  decontamination  and  under  water  assembly.  Ex¬ 
posure  of  operating  personnel  to  high  energy  gamma  ray’s  emitted  by 
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small  quantities  of  impurities  in  the  fuel  can  be  kept  within  safe  limits 
by  rapid  fabrication  with  a  minimum  handling  of  the  oxide.  The  equip¬ 
ment  is  designed  to  be  as  simple  as  is  practical  to  facilitate  easy  servic¬ 
ing.  The  air  within  the  glove  boxes  is  controlled  to  flow  towards  the 
contaminated  areas  and  operations  that  release  appreciable  contamina¬ 
tion  within  the  glove  boxes  are  confined  to  the  smallest  possible  areas. 
The  glove  boxes  operate  under  negative  pressure  and  the  inlet  and  outlet 
air  is  passed  through  absolute  filters.  Room  air  is  continuously  monitored 
or  the  presence  of  radioactive  particles  and  frequent  hand  and  body 
surveys  with  alpha  counting  equipment  is  required. 


ANALYSIS  OF  CONTINUOUS  FOLDED  PLATES 

Frederick  W.  Beaufait  and  George  A.  Gray 
Virginia  Polytechnic  Institute 

The  theory  of  simple  folded  plates  is  extended  to  provide  a  solution 
for  the  analysis  of  loaded  continuous  folded  plates.  Several  problems  are 
discussed  and  the  solutions  presented.  The  results  of  model  studies  of 
folded  plates  made  from  3/32"  thick  aluminum  plate  with  spans  up  to 
six  feet  are  reported  and  compared  with  theoretical  predictions. 


THE  INFLUENCE  OF  SURFACE  LAYERS  OF  ADSORBED  GAS 
ON  SKIN  FRICTION  AT  LOW  DENSITIES 

M.  N.  Bishara  and  A.  R.  Kuhlthau 
University  of  Virginia 

The  frictional  resistance  of  a  magnetically-suspended  sphere  rotating 
in  a  Nitrogen  gas  background  at  pressures  between  7  x  10  1  and  3  x  10-3 
torr  has  been  determined  as  a  function  of  previously  adsorbed  layers 
of  Nitrogen,  Argon,  Helium  and  Carbon  Dioxide.  Preliminary  investi¬ 
gations  indicate  no  observable  effect  although  there  still  is  uncertainty 
as  to  whether  or  not  the  anticipated  adsorption  is  actually  taking  place. 
Refinements  to  the  apparatus,  currently  in  the  final  stages,  will  reduce 
these  uncertainties.  As  the  frictional  resistance  in  the  free  molecule 
limit  is  proportional  to  the  square  root  of  the  molecular  mass  of  the  back¬ 
ground  gas,  experiments  were  undertaken  using  Carbon  Monoxide  and 
Nitrogen,  two  different  background  gases  of  essentially  equal  molecular 
mass.  Different  combinations  and  degrees  of  adsorption  of  these  gases 
were  used  to  investigate  their  influence  on  the  tangential  momentum 
transfer. 


1965] 


Proceedings  1964-1965 


363 


MODERN  ARCHITECTURAL  ACOUSTICS  PRACTICES 
Warren  L.  Brann 

WSVA  AM  —  FM  —  TV,  Harrisonburg 

Modern  architectural  acoustical  practices  are  outlined  with  particular 
emphasis  on  the  nature  of  and  design  implementation  of  diffusion  and 
absorption  techniques.  Slides  of  recent  construction  together  with  results 
are  shown. 


ANALYTICAL  AND  MODEL  STUDIES  OF  TORSION  IN 
REINFORCED  CONCRETE  BEAMS 

George  R.  Buchannan  and  George  A.  Gray 
Virginia  Polytechnic  Institute 

Although  many  studies  of  torsion  in  concrete  beams  have  been  made 
over  the  years,  none  has  yet  resulted  in  the  development  of  a  general 
method  of  analysis.  The  authors  are  presently  studying  a  technique  to 
predict  torque  capacity  and  stress  distribution.  The  method  of  calcula¬ 
tion  and  the  results  for  the  location  and  magnitude  of  maximum  stresses 
for  circular,  rectangular  and  T-beam  specimens  of  plain  concrete  are  pre¬ 
sented.  Results  are  validated  by  tests  of  several  model  beams.  Shear¬ 
ing  stresses  are  expressed  in  terms  of  a  stress  function  which  is  related 
to  the  shear  modulus  and  angel  of  twist  by  the  elastic  solution  originallv 
presented  by  St.  Venant  in  1856.  Using  a  finite  difference  operator 
for  Poisson's  equation,  thhe  maximum  shearing  stress  is  found  by  setting 
up  a  difference  table  for  the  stress  function  and  applying  Newton's  inter¬ 
polation  formula.  For  concrete,  the  stress-strain  relation  and  the  shear 
modulus-stress  relation  are  non-linear  and  must  be  obtained  experimen¬ 
tally  from  a  circular  beam  torsion  test  or  an  axial  tension  test.  The 
results  applied  to  beams  of  several  different  cross-sections  indicate  good 
agreement  between  predicted  and  experimental  values  of  maximum  stress. 


AN  X-RAY  DIFFRACTION  TECHNIQUE  FOR  THE  DETERMINA¬ 
TION  OF  RETAINED  AUSTENITE  IN  MARTENSITIC  STAINLESS 

STEELS 

Richard  G.  Connell,  Jr. 

Virginia  Polytechnic  Institute 

An  x-ray  diffraction  technique  for  the  determination  of  the  amount 
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of  retained  austenite  in  hardened  and  tempered  A.I.S.I.  type  440  AEB 
stainless  steels  has  been  established.  The  technique  involves  the  deter¬ 
mination  of  the  integrated  intensities  of  the  (200)  martensite  and  the 
(220)  austenite  diffraction  lines.  The  integrated  intensities  are  deter¬ 
mined  from  the  diffractometer  traces  of  these  two  lines.  In  cases  where 
the  amount  of  retained  austenite  is  small  and  the  integrated  intensities 
of  the  (220)  austenite  line  is  small,  a  step  scan  technique  is  employed  to 
obtain  plots  of  the  (220)  austenite  lines.  Preferred  orientation  and  non- 
random  distributions  of  austenite  are  taken  into  account  by  rotation  and 
oscillation  of  the  specimens.  Amounts  of  retained  austenite  are  deter¬ 
mined  in  the  range  of  3/4%  to  15%  by  volume. 


AN  INVESTIGATION  OF  SLIP  FACTORS 
IN  VERTICAL  RISERS 

John  A.  Doyle  and  C.  E.  Schwartz 
University  of  Virginia 

Slip  factors  for  solid-gas  flow  in  vertical  risers  are  studied  as  a  func¬ 
tion  of  the  control  pressure  and  the  solid  material.  The  results  show 
that  the  slip  factor  is  strongly  influenced  by  two  factors,  the  type  of 
flow  and  the  pressure  drop  due  to  friction.  A  semi-theoretical  math¬ 
ematical  model  is  derived  for  the  frictional  pressure  drop.  The  constants 
in  this  equation  are  found  empirically  from  the  data  obtained  in  this 
work.  Different  regimes  of  flow  are  obtained  for  each  of  the  differ¬ 
ent  materials.  This  factor  had  a  large  effect  on  the  slip  factor  obtained, 
as  it  strongly  affects  the  resulting  pressure  drop. 


POLYVINYL  CHLORIDE  ELECTRETS 

Robert  A.  Draughn  and  Avery  Catlin 
University  of  Virginia 

Studies  of  the  effect  of  foreign  materials  on  the  process  of  blood 
coagulation  have  indicated  that  the  surface  charge  on  the  material  plays 
an  important  role  in  the  initial  stages  of  the  clotting  process.  Electrets 
are  reasonably  permanently  polarized  dielectrics  which  carry  a  measurable 
surface  charge.  Polyvinyl  chloride  electrets  have  been  prepared  by  heat¬ 
ing  and  cooling  polyvinyl  chloride  tubing  in  an  8  to  10  KV  per  cm.  elec¬ 
tric  field.  The  surface  charge  of  an  electret  decays  slowly  with  time. 
A  dissectable  capacitor  technique  has  been  used  to  measure  the  decay 
times  of  the  surface  charge  on  polyvinyl  chloride  electrets  exposed  to 
room  atmosphere,  water,  and  physiological  saline. 
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COMPARISON  OF  OPEN  AND  CLOSED  SYSTEM  FREEZING 
AND  THAWING  TESTS  OF  A  LIME  STABILIZED  CLAY  SOIL 

Erkan  Esmer  and  Richard  D.  Walker 
Virginia  Polytechnic  Institute 

The  objectives  of  this  study  was  to  establish  techniques  for  investi¬ 
gation  of  effects  of  open  and  closed  system  freezing  and  thawing  on  a 
lime  stabilized  soil  and  to  make  comparisons  of  the  two  systems.  Two 
hundred  sixteen  (216)  specimens  were  compacted  with  Harvard  minia¬ 
ture  apparatus  with  specimens  divided  between  two  levels  of  test  pro¬ 
cedure  (open  and  closed)  and  two  levels  of  lime  addition  (0  and  10%). 

Curing  was  at  120°  F  for  two  days  while  sealed  in  aluminum  foil.  Half 
of  the  108  open  system  specimens  were  placed  in  a  70°  F,  100%  humid¬ 
ity  environment  before  testing  for  five  days.  All  108  specimens  were 
allowed  to  absorb  moisture  while  freezing  at  0°  F  for  12  hours  and  thaw¬ 
ing  in  the  70°  F,  100%  humidity  environment  for  12  hours.  Unconfined 
mhined  at  0,  1,  3,  and  5  cycles  of  freezing  and  thawing.  Half  of  the 
compressive  strength,  moisture  absorption,  and  volume  change  were  deter- 
closed  system  specimens  were  soaked  in  water  for  24  hours  before  test¬ 
ing.  All  specimens  were  frozen  and  thawed  12  hours  each  under  the 
same  conditions  as  the  open  system  specimens  except  being  sealed  in 
aluminum  foil.  Results  were  obtained  at  0,  1,  5,  and  20  cycles.  Open 
system  specimens  in  the  moist  room  prior  to  testing  and  closed  system 
specimens  soaked  for  24  hours  experienced  greatest  strength  losses. 


RELATIONSHIP  OF  THE  AMMONIA-HYDROGEN  RATIO  TO 
NITRIDE  CASE  THICKNESS  IN  AISI  304  STAINLESS  STEEL 

B.  N.  Ferry  and  John  F.  Eckel 
Virginia  Polytechnic  Institute 

Type  304  annealed  sheet  specimens  oxidized  at  different  tempera¬ 
tures  and  nitrided  in  ammonia  at  1000°  F  show  that  the  2000°  F  oxide 
barrier  was  the  lowest  block  to  nitrogen  penetration  and  the  1000°  F 
oxide  barrier  exhibited  the  strongest  resistance  to  nitrogen  absorption. 
The  different  oxide  films  formed  at  1000°  F,  1300°  F,  1600°  F,  1800°  F 
and  2000°  F  did  not  cause  with  subsequent  nitriding  a  significant  nitride 
case  thickness  variation  within  a  given  specimen.  Nitriding  cold  worked 
type  304  wires  in  ammonia  resulted  in  a  high  nitrogen  absorption  rate 
for  short  nitriding  times  but  as  nitriding  time  lengthened  the  rate  dropped 
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off  considerably.  Nitriding  with  ammonia-hydrogen  atmosphere  caused  a 
drastic  reduction  in  nitriding  rate.  The  nitride  case  was  eliminated  when 
the  ammonia  was  diluted  with  50%  by  volume  or  more  of  hydrogen. 


A  THEORETICAL  FITTING  OF  A  NEUTRON  FLUX  PLOT  IN  THE 
REFLECTOR  OF  THE  UNIVERSITY  OF  VIRGINIA  REACTOR 

J.  W.  Folsom  and  J.  L.  Meem 
University  of  Virginia 

Analytical  expressions  for  the  complete  flux  distributions  in  a  reactor 
reflector  are  unavaialble.  A  reactor  core  of  approximately  cylindrical 
geotmetry  was  constructed  in  a  water  reflector  and  the  resultant  flux 
distribution  was  measured.  From  an  analysis  of  the  measured  data  it 
was  found  that  the  reflector  flux  close  to  core  midplane  and  close  to  the 
core  centerline  fits  the  functions  derived  by  two-group  reactor  diffusion 
theory.  The  flux  distribution  around  a  corner  of  the  core  may  be  de¬ 
scribed  by  selecting  a  point  two  core  fast  diffusion  lengths  from  the  top 
and  from  the  side  of  the  core.  The  horizontal  flux  distribution  through 
this  point  is  rotated  through  a  quarter  circle,  to  a  vertical  position.  This 
rotation  sweeps  out  the  flux  distribution  in  the  corner  region. 


POLYMER  COMPRESSIBILITIES  AT  HIGH  TEMPERATURE  AND 

HIGH  PRESSURE 

George  Foster,  Nathan  Waldman,  and  R.  G.  Griskey 
Virginia  Polytechnic  Institute 

A  compressibility  device  was  constructed  to  determine  specific  vol¬ 
ume  as  a  function  of  both  temperature  and  pressure  for  polymeric  mate¬ 
rials.  A  linear  variable  differential  transformer  is  used  to  measure  the 
change  in  length  of  a  sample  which  is  constrained  to  constant  diameter 
by  the  sample  cell.  For  a  given  temperature  the  pressure  is  varied  from 
atmospheric  to  pressures  in  excess  of  30,000  psi.  The  range  of  tempera¬ 
ture  of  the  apparatus  is  from  room  temperature  to  300°  C.  The  tem¬ 
perature  may  also  be  varied  at  constant  pressure.  Pressure  corrections 
obtained  with  this  device  allow  construction  of  P-V-T  diagrams  for  the 
materials  studied.  With  calorimetric  data,  Mollier  type  diagrams  can  be 
constructed.  Coefficients  of  expansion  may  also  be  calculated  from  data 
obtained  with  this  device.  Polymers  studied  have  been  polyethylene, 
polypropylene,  an  ethylene-propylene  copolymer,  and  nylon  6-10.  Use 
of  this  device  led  to  the  discovery  of  a  solid-solid  transition  in  nylon  6-10, 
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which  has  not  been  mentioned  in  the  literature  or  noted  in  the  polyole¬ 
fins.  The  high  degree  of  crystallinity  makes  a  glass  temperature  type 
transition  seem  unlikely.  The  transition  is  attributed  to  some  type  of 
change  in  the  crystal  structure  of  the  nylon. 

THE  MECHANISMS  AND  THEORY  OF  SURFACE  DIFFUSION 

ON  SOLIDS 

W.  M.  Franklin 
University  of  Virginia 

Experimental  measurements  of  self  diffusion  at  various  temperatures 
on  metallic  surfaces  indicate  that  a  variety  of  atomic  mechanisms  are  opera¬ 
tive.  These  mechanisms  are  discussed  together  with  the  effects  of  ad¬ 
sorbed  molecules,  temperature,  and  exposure  to  light,  utilizing  experi¬ 
mental  results  obtained  for  copper  in  the  presence  of  oxygen.  A  theory 
for  surface  diffusion  is  presented  in  the  light  of  recent  experimental 
evidence.  The  atomic  mechanism  is  related  to  lattice  vibration  theory 
with  particular  emphasis  on  the  effects  of  surfaces  and  impurities. 

MIXING  CHARACTERISTICS  OF  NON-NEWTONIAN  DILATANT 

FLUIDS 

Richard  G.  Green,  Robert  A.  Bajefsky,  and  Richard  G.  Griskey 
Virginia  Polytechnic  Institute 

Metzner  and  Otto  developed  a  generalized  correlation  for  the  power 
required  to  agitate  non-Newtonian  fluids  based  on  experimental  data 
for  non-Newotnian  pseudoplastic  fluids.  The  correlation  was  postulated 
to  hold  as  well  for  non-Newtonian  dilatant  fluids.  Independent  investi¬ 
gators  verified  the  correlation  for  the  pseudoplastics  with  experimental 
data.  Serious  disagreement  resulted  in  experimental  studies  with  dilatant 
fluids  —  one  set  of  investigators  confirming  the  correlation  for  a  number 
of  cases,  another  group  indicating  that  it  did  hold  for  dilatant  fluids. 
The  present  work  was  undertaken  both  to  reconcile  these  divergent  find¬ 
ings  and  also  to  fundamentally  study  agitation  of  dilatant  fluids.  Re¬ 
search  results  and  analysis  showed  that  the  Metzner  —  Otto  generalized 
power  correlation  held  for  dilatant  fluids.  It  was  also  shown  that  earlier 
dilatant  fluid  agitation  data  also  fit  the  correlation  provided  proper  appar¬ 
ent  viscosity  data  were  used  in  the  correlation.  Detailed  photographic 
studies  were  also  made  that  indicated  transition  from  Newtonian  to  non- 
Newtonian  dilatant  behavior  for  the  fluids  being  agitated.  These  photo¬ 
graphs  were  also  taken  for  various  types  of  impellus. 
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TEMPERATURE,  ITS  RELATION  TO  STRESS-CORROSION 
CRACKING  IN  TERMS  OF  CRACK  NUCLEATION 
AND  CRACK  PROPAGATION 

Alexander  Beck  Greene  and  J.  F.  Eckel 
Virginia  Polytechnic  Institute 

The  effect  of  temperature  on  the  crack  nucleation  time  and  crack 
propagation  rate  is  of  very  great  interest  in  the  study  of  stress-corrosion 
cracking.  Tests  were  conducted  using  AISI  304  Stainless  Steel.  The 
stainless  steel  was  made  into  U-bend  specimens  and  tests  were  conducted 
under  three  different  conditions.  These  conditions  were: 

(1)  42%  magnesium  chloride  solutions  boiling  at  154°  C.,  (2)  40% 
magnesium  chloride  solutions  boiling  at  147°  C.,  and  (3)  42%  magnesium 
chloride  solutions  boiling  at  147°  C. 

These  tests  showed  that  temperature  rather  than  solution  concentra¬ 
tion  was  the  governing  factor  for  the  crack  nucleation  time  and  crack 
propagation  rate.  The  crack  nucleation  time  decreased  with  increasing 
temperature  and  the  crack  propagation  rate  decreased  with  increasing 
temperature.  Discussion  is  presented  as  to  the  significance  of  this  data 
to  the  present  theories  of  stress-corrosion  cracking. 


CALORIMETRIC  BEHAVIOR  OF  POLYMERIC  MATERIAL 
AT  HIGH  TEMPERATURE 

R.  G.  Griskey  and  George  Foster 
Virginia  Polytechnic  Institute 

A  device  has  been  constructed  to  measure  the  specific  heat  of  poly¬ 
meric  materials  as  a  function  of  temperature.  The  drop  calorimeter 
consists  of  heating  bath,  drop  tube,  and  dewar  flask  used  as  a  calorim¬ 
eter.  The  polymer  sample  is  inserted  in  a  steel  capsule  which  is,  in 
turn,  heated  by  the  combined  effects  of  radiation  and  convection.  When 
the  sample  has  reached  thermal  equilibrium,  it  is  allowed  to  pass  through 
the  drop  tube  into  the  calorimeter  which  contains  a  measured  amount 
of  water.  A  six-couple  thermopile  measures  the  temperature  change  in 
the  calorimeter.  Knowing  the  weight  of  the  sample  and  the  heat  capacity, 
the  enthalpy  can  be  calculated  for  the  polymer  at  atmospheric  pressure. 
If  specific  volume  as  a  function  of  pressure  and  temperature  is  known,  the 
enthalpy  can  be  corrected  for  pressures  above  one  atmosphere,  and  Mollier 
type  diagrams  may  be  constructed.  Calorimetric  studies  have  been  made 
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on  polyethylene,  polypropylene,  an  ethlenepropylene  copolymer,  and  nylon 
6-10.  Enthalpies  calculated  from  this  device  agree  well  with  literature 
values  available  and  the  temperature  range  has  been  extended  into  the  melt 
region. 


IMPROVED  ALIGNMENT  PROCEDURES 

James  L.  Hammer 
Virginia  Polytechnic  Institute 

This  paper  presents  a  discussion  of  the  development  of  a  new  type 
of  instrument  that  is  used  to  obtain  more  precise  alignment  for  long 
straight  lines. 


PROCESSING  OF  SEWAGE  SLUDGES  BY  HEAT  SYNTHESIS 

John  Harrison  and  H.  R.  Bungay,  3rd 
Virginia  Polytechnic  Institute 

The  gelatinous  structure  of  sewage  sludges  collapses  readily  to  an 
easily  filtered  suspension  if  heated  to  temperatures  above  120°  C.  Batch 
and  continuous  flow  experiments  are  described,  and  optimum  conditions 
of  temperature  and  holding  times  are  specified.  This  method  has 
promise  for  producing  absolutely  non-pathogenic  nutrient  or  fertilizer 
or  for  improving  sludge  disposal  by  providing  drier  cakes  for  incinera¬ 
tion  or  more  concentrated  feed  for  wet  combustion. 


SIMPLIFIED  EQUATIONS  FOR  THE  DETERMINATION 
OF  BEAM  FACTORS 

Robert  C.  Heterick  and  George  A.  Gray 
Virginia  Polytechnic  Institute 

A  technique  is  presented  for  the  development  of  simplified  equa¬ 
tions  to  determine  beam  factors  for  non-prismatic  beams.  The  avail¬ 
ability  of  such  a  technique  simplifies  the  problem  of  designing  continuous 
bridges  and  other  structures.  Dependence  upon  tables  and  the  time  con¬ 
suming  process  of  interpolation  is  eliminated.  A  computer  program  is 
developed  and  used  to  generate  values  of  fixed-end  moments,  stiffnesses 
and  carry-over  factors.  For  a  large  number  of  such  values  representing 
a  solution  surface,  a  statistical  analysis  (bv  multiple  non-linear  regression ) 
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is  made  and  an  equation  of  that  surface,  within  specified  design  limits, 
is  determined.  It  is  then  illustrated  that  the  equation  can  be  used  directly 
to  generate  additional  parameter  values  as  needed. 


SINGLE  CRYSTAL  GERMANIUM  FILMS 

R.  R.  Humphris  and  A.  Catlin 
University  of  Virginia 

Single  crystal  germanium  films  were  grown  by  evaporation  onto 
single  crystal  calcium  fluoride  substrates  in  a  high  vacuum  sputter-ion 
pumped  system.  Substrates  were  either  cleaved  in  the  atmosphere  or 
cleaved  inside  the  vacuum  system  immediately  prior  to  deposition.  Struc¬ 
tural  properties  were  determined  by  electron  microscope  and  electron 
diffraction  examination.  It  was  found  that  the  density  of  structural 
defects  depended  upon  such  film  growth  conditions  as  substrate  tem¬ 
perature  and  rate  of  deposition. 


EXPERIMENTAL  DETERMINATION  OF  THE  HYDROGEN  CON¬ 
TENT  IN  ORDINARY  CONCRETE  USED  FOR  NEUTRON 

SHIELDING 

W.  R.  Johnson,  R.  J.  Spessard,  and  D.  H.  Risher 
University  of  Virginia 

The  shielding  properties  of  ordinary  concrete  for  fast  (fission  spec¬ 
trum)  neutrons  is  being  investigated.  A  1%  hydrogen  content  in  con¬ 
crete  contributes  about  15%  of  the  fast  neutron  removal  cross  section, 
and  45%  of  the  thermal  neutron  absorption  cross  section  [Price,  Horton 
and  Spinney  Radiation  Shielding,  p.  262.  Pergamon  Press  N.  Y.,  N.  Y. 
(1957)].  Thus  a  knowledge  of  the  hydrogen  content  of  concrete  is 
necessary  to  relate  experimental  shielding  results  to  calculated  results. 
Experiments  are  being  run  to  measure  the  absolute  hydrogen  content  of 
shielding  concrete  slabs,  4"  thick,  using  neutron  thermalization  and  back 
scatter  techniques.  Absolute  measurements  on  small  slabs  are  made  by 
comparison  to  materials  with  known  amounts  of  hydrogen,  and  similar 
densities.  The  results  indicate  the  method  is  very  accurate,  and  sensi¬ 
tive. 
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A  NEW  ANTENNA  FOR  SPACE  COMMUNICATIONS  AND 
TRACKING  APPLICATIONS 
Stanley  R.  Jones 

Aero  Geo  Astro  Division,  Keltec  Industries,  Inc. 

Thermal  noise  contributed  to  a  receiving  system  by  microwave  anten¬ 
nas  was  a  matter  of  slight  interest  until  recently.  Modern  low-noise 
innovations,  such  as  the  maser  and  parametric  amplifier,  have  changed 
this  circumstance.  The  antenna  rather  than  the  receiver  often  limits 
the  sensitivity  of  these  systems.  A  reduction  in  antenna  noise  tempera¬ 
ture  is  desirable  therefore  in  order  to  take  advantage  of  the  high  quality 
receiver.  For  a  lossless  antenna,  the  noise  temperature  is  determined 
by  what  the  antenna  “sees”.  Effective  temperature  of  the  earth  is  about 
300°  K;  temperature  of  the  sky  can  be  as  low  as  3°  K.  uch  an  antenna 
would  exhibit  then  a  temperature  of  3°  K  when  pointed  at  the  sky.  When 
pointed  toward  the  warm  earth,  the  resulting  noise  temperature  would 
be  considerably  higher.  Low-noise  designs  which  minimize  response  in 
undesired  directions  are  discussed  in  the  paper.  A  new  design  incorporat¬ 
ing  many  attractive  features  of  several  antenna  types  is  also  described. 
Improvements  in  space  and  satellite  communications  are  outlined  as 
functions  of  antenna  characteristics. 


STABILIZATION  OF  NONPLASTIC  SOILS  WITH  LIME  AND 
CALCIUM  CARBONATE 

Robert  D.  Krebs,  Yukeun  Lee,  and  Tai-Chou  Hsieh 
Virginia  Polytechnic  Institute 

Calcium  carbonate  may  occur  as  a  contaminant  in  hydrated  lime 
stabilizer  applied  to  increase  the  strength  and  stiffness  of  highway  sub¬ 
grade  soils.  Although  the  carbonate  is  relatively  inert  and  does  not  con¬ 
tribute  to  strength  gains  when  used  with  lime  for  plastic  soils,  it  was 
found  to  enhance  the  lime  stabilization  of  silty,  non-plastic  soils.  Work 
with  weathered  mica  samples  compacted  with  high  compactive  efforts 
and  oven-cured  in  sealed  jars  showed  that  lime  stabilization  gave  great¬ 
est  unconfined  compressive  strengths  when  the  lime  contained  25%  cal¬ 
cium  carbonate.  The  effect  was  noticed  with  4%,  6%,  and  8%  stabilizer 
added  to  a  well-graded  sandy  silt  containing  virtually  no  clay  sizes  and 
consisting  of  biotite  with  small  amounts  of  kaolinite.  The  use  of  carbo¬ 
nate  without  lime  was  ineffective.  Similar  work  with  well-graded  sapro- 
lite  soils  with  little  clay  and  various  amounts  of  sand  showed  that  the 
strength  gain  with  carbonate  decreases  with  an  increase  in  the  percentage 
of  soil  fines.  The  same  trends  were  given  by  stiffness  data. 
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A  QUALITATIVE  ANALYSIS  OF  THE  MECHANICAL  FORCES 
IMPOSED  ON  THE  CUTTING  EDGE  OF  A  RAZOR  BLADE 
WHILE  SHAVING 
James  B.  Kruger 

American  Safety  Razor  Company ,  Burma-Vita  Co ., 

Divisions  of  Philip  Morris ,  Inc . 

A  knowledge  of  the  stresses  induced  by  the  shaving  action  —  their 
relationship  to  the  edge  geometry,  edge  material,  edge  location  at  cut¬ 
ting  site  —  leads  to  improved  razor  blade  quality.  A  qualitative  analysis 
is  made  upon  simplifying  mathematical  assumptions,  the  use  of  classical 
theories  of  elasticity  and  plasticity,  and  a  disregard  of  the  physiochemi- 
cal  environment.  The  cutting  action  is  first  discussed  for  a  blade  of 
zero  thickness  cutting  a  hair  shaft  imbedded  in  rigid  material.  The 
cutting  action  is  next  discussed  under  the  assumption  of  a  blade  of  finite 
thickness  acting  upon  a  hair  shaft  imbedded  in  rigid  material.  Lastly, 
this  cutting  action  is  discussed  under  the  assumptions  of  a  blade  of  finite 
thickness  acting  upon  a  hair  shaft  imbedded  in  an  elastic  material. 
The  effects  of  these  three  asumed  cutting  actions  are  superimposed  to 
qualitatively  define:  (a)  The  Hertzian  contact  stress  and  (b)  The  stresses 
on  the  edge  after  the  blade  edge  has  penetrated  the  hair  shaft. 


THE  CHAMBERED  PIPE  SILENCING  CONCEPT  OF 
EXHAUST  SYSTEM  DESIGN 
E.  C.  Lentz 

Walker  Manufacturing  Company ,  Michigan  Division,  Jackson,  Michigan 

This  paper  presents  a  summary  of  the  development  of  the  “Cham¬ 
bered  Pipe”  silencing  concept.  Present  trends  of  automotive  design  dic¬ 
tate  a  change  from  conventional  mufflered  systems.  One  such  trend 
is  toward  high  performance  in  low  profile  bodies,  while  another  related 
trend  is  toward  compact  cars.  By  approaching  the  silencing  problems 
from  a  more  theoretical  basis,  small  diameter  acoustic  elements  of  low 
pressure  drop  have  been  developed  to  satisfy  the  exhaust  system  require¬ 
ments  of  modern  automobiles.  The  paper  discusses  the  theoretical  basis 
for  the  “Chambered  Pipe”  silencing  system  apporach  and  shows  correla¬ 
tion  of  actual  test  data  to  the  theoretical  analysis.  Test  data  showing 
the  effect  of  optimum  placement  of  silencing  units  in  actual  hot  gas 
flowing  systems  are  presented  and  discussed.  The  advantages  in  space 
required  for  installation,  sound  characteristics,  low  power  loss,  strength, 


1965] 


Proceedings  1964-1965 


373 


weight,  and  better  life  are  explained.  New  manufacturing  techniques 
used  in  fabricating  systems  are  discussed,  and  finally  several  typical 
systems  are  shown  and  compared  to  the  conventional  mufflered  systems. 


IMPROVEMENTS  IN  THE  WASTE  TREATMENT  PLANT  OF 
A  FROZEN  FOOD  MANUFACTURER 

James  B„  McArthur,  Jr. 

Morton  Frozen  Foods 

The  waste  treatment  plant  of  the  Morton  Frozen  Foods  Division  of 
the  Continental  Baking  Company  in  Crozet,  Virginia,  treats  the  wastes 
from  its  pie  and  dinner  operations  by  three  processes:  sedimentation, 
flotation,  and  bio-oxidation.  A  study  of  the  influent  and  effluent  in  the 
waste  treatment  plant  indicated  a  major  improvement  could  be  gained 
by  equalizing  the  flow  rate  and  reducing  shock  loads  to  the  plant  by 
construction  of  an  equalizing  tank  between  the  manufacturing  and  waste 
treatment  plants.  In  addition  to  increasing  the  efficiency  of  existing 
waste  treatment  facilities,  the  equalizing  tank  will  pretreat  waste  by  par¬ 
tially  removing  solids,  grease,  and  biochemical  oxidation  demand. 


INVESTIGATION  OF  SULFUR  AND  SELENIUM  POLYMERIZATION 
AND  COPOLYMERIZATION  REACTIONS  BY  DIFFERENTIAL 
THERMAL  ANALYSIS 

Fred  C.  Miller 
Virginia  Polytechnic  Institute 

Elemental  glasses  composed  of  sulfur  and/or  selenium,  plus  minor 
conditions  of  arsenic  and  some  halogen  are  unique  in  that  they  possess 
chain  structures  and  have  low  softening  temperatures  typical  of  many 
organic  polymers.  The  unusual  behavior  of  these  materials  is  attributed 
to  the  presence  of  one  or  more  of  the  Group  VIB  elements  (S,  Se,  and 
Te)  as  the  primary  component.  Thermal  analysis  appears  to  be  an  excel¬ 
lent  means  of  providing  direct  experimental  confirmation  of  empirical 
deductions.  Thermograms  of  elemental  sulfur  and  selenium,  as  well  as 
mixtures  of  the  two  elements,  were  made  under  varying  conditions  of 
time,  temperature,  and  previous  thermal  history.  The  resultant  thermo¬ 
grams  were  then  correlated  with  the  empirical  predictions  of  other  inves¬ 
tigators  to  arrive  at  experimentally  supported  conclusions. 
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VELOCITY  DISTRIBUTIONS  IN  AERODYNAMIC 
MOLECULAR  BEAMS 

John  F.  Moonan  and  John  E.  Scott,  Jr. 

University  of  Virginia 

A  mechanical  velocity  selector  and  a  differential  ion  gauge  detector 
are  used  to  determine  the  distribution  of  molecular  speeds  in  an  aero¬ 
dynamic  molecular  beam.  The  beam  is  formed  by  free  expansion  from 
a  converging  nozzle,  a  skimmer  orifice  then  passes  only  the  core  of  the 
flow,  and  a  collimating  orifice  passes  the  beam  into  a  detection  cham¬ 
ber  where  the  measurements  are  made.  The  velocity  distributions  are 
analysed  to  determine  the  dependence  of  pertinent  beam  parameters  on 
the  nozzle  source  pressure  and  the  nozzle-skimmer  separation  distance. 
The  results  are  compared  to  presently  available  theory  and  data  and  are 
used  to  examine  the  expansion  process  which  takes  place  in  the  nozzle 
chamber. 


THOo— U2330.>  RECYCLE  FUEL  FABRICATION 
PART  I  -  FUEL  PREPARATION  BY  THE  SOL  GEL  PROCESS 

Donald  A.  Nitti 

The  Babcock  and  Wilcox  Company 

A  pilot  plant  was  constructed  to  study  the  commercial  feasibility 
of  fabricating  nucelar  power  reactor  fuels  by  the  sol  gel  process,  using 
uranium  recovered  from  spent  fuels.  The  isotopes  U-233  and  U-235 
recovered  from  the  reprocessing  of  spent  thorium  fuels  must  be  deac¬ 
tivated  before  refabrication  into  new  fuel  to  prevent  contamination  of 
recycled  U-233  by  high  energy  gamma  radiation  from  daughter  isotopes 
formed  by  the  radioactive  decay  of  trace  amounts  of  U-232.  Refabrica¬ 
tion  is  then  possible  in  directly  operated  glove  box  enclosures,  provided 
that  the  fertile  thorium  also  recovered  during  the  spent  fuel  reprocessing 
is  stored  first  for  10  to  15  years  to  permit  radioactivity  to  decay  to  an 
acceptable  level.  The  sol  gel  process  offers  a  relatively  speedy  process 
for  producing  high  density  oxide  fuel  powders  accomplished  by  deactiva¬ 
tion  of  the  uranium,  denitration  of  thorium  nitrate  tetrahydrate  to  pro¬ 
duce  an  oxide  powder  blending  of  the  uranium  with  the  thoria  oxide 
powder  to  form  sol,  drying  of  this  sol  of  uranium  ions  sorbed  on  the 
thoria  particles  to  form  a  gel,  and  calcining  the  gel  to  form  a  homogeneous, 
high  density  thoria-urania  fuel.  The  fuel  granules  are  then  crushed  and 
separated  into  selected  size  fractions  for  vibratory  compaction  into  fuel 
rods. 
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SPHERE  DRAG  AT  LOW  DENSITIES 

W.  M.  Phillips  and  A.  R.  Kuhlthau 
University  of  Virginia 

The  use  of  a  free  expanding  jet  in  making  sphere  drag  measurements 
with  an  electromagnetic  wind  tunnel  balance  is  discussed.  The  theoreti¬ 
cal  properties  of  the  free  jet  are  given  and  calculations  are  shown  dem¬ 
onstrating  the  adaptability  of  the  jet  to  sphere  drag  measurements  in 
low  density  flows.  The  variation  of  flow  properties  in  the  region  of  the 
sphere  is  discussed. 


ON  THE  BEHAVIOR  OF  VACANCIES  AND  Ag  ATOMS  IN  A 
QUENCHED  AND  AGED  Al-Ag  ALLOY 

George  E.  Ruddle 
University  of  Virginia 

A  study  using  transmission  electron  microscopy  has  been  made  on 
the  role  of  quenched  in  vacancies  in  the  precipitation  of  Ag  from  super¬ 
saturated  solutions  of  Al-5  wt.  %  Ag  alloy.  In  alloys  quenched  from 
630°  C,  the  excess  vacancies  were  found  to  condense  onto  {111}  planes 
at  some  temperature  below  200°  C  to  form  hexagonal  stacking  faults 
ranging  from  about  100-1 000 A  in  diameter  and  bounded  by  Frank  sessile 
dislocations.  On  aging  the  alloy  in  the  140-200°  C  range,  a  new  con¬ 
figuration  of  stacking  fault  was  observed.  The  proposed  mechanism 
of  formation  of  this  configuration  is  the  dissociation  of  the  Frank  sessile 
dislocations  into  Shockley  partials  and  stair-rod  dislocations.  The  Shock- 
ley  partials  then  glide  along  the  other  {111}  planes  under  the  influence 
of  the  Suzuki  effect  as  Ag  diffuses  to  the  newly  formed  stacking  faults. 
Glide  of  the  Shockley  partials  occurred  in  directions  such  that  intrinsic 
rather  than  extrinsic  stacking  faults  were  formed,  thus  providing  experi¬ 
mental  evidence  that  the  stacking  fault-energy  including  the  Suzuki  effect, 
is  smaller  for  intrinsic  faults.  Calculations  based  on  this  mechanism  have 
shown  that  the  stacking  fault  energy  is  negative  and  thereby  indicate  that 
Suzuki  segregation  provides  the  driving  force  for  the  Shockley  glide. 
From  measurements  of  the  size  and  density  of  the  quenched-in  disloca¬ 
tion  loops  in  the  alloy,  the  binding  energy  between  vacancies  and  Ag 
atoms  has  been  estimated  to  be  not  greater  than  0.38  ev. 
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DESIGN  OF  A  DILATOMETER  FOR  THE  INVESTIGATION  OF 
VOLUME  CHANGE  CAUSED  BY  STRESS  INDUCED  SOLID 
STATE  TRANSFORMATIONS 

R.  E.  Smith  and  John  F.  Eckel 
Virginia  Polytechnic  Institute 

Solid  state  transformation  under  stress  generally  involve  volume 
changes  making  the  dilatometer  a  useful  tool  in  conducting  a  study  of 
these  reactions.  Many  previous  dilatometer  designs  are  highly  accurate, 
but  make  no  provision  for  stress  to  be  applied  to  the  system.  This  dilat¬ 
ometer  is  useful  in  the  study  of  small  wires  in  simple  tension.  A  Marshall 
tube  type  furnace  is  used  in  conjunction  with  an  Atcotran  differential 
transformer  for  length  measurements.  Accuracy  is  excellent  for  incre¬ 
ments  as  low  as  10-6  inches.  Temperature  is  measured  by  means  of 
an  iron-constantan  thermocouple,  inserted  vertically  from  the  top  of  the 
furnace  to  the  center  of  2  inch  specimens  located  in  the  middle  portion 
of  the  furnace,  and  a  Brown  potentiometer  recorder.  Apparatus  expan¬ 
sion  is  calibrated  and  data  adjusted  to  yield  only  specimen  effects. 
Dilatometric  results  are  interpreted  with  the  aid  of  other  metallurgical 
tools  such  as  metallography,  the  torsional  pendulum,  and  x-ray  diffrac¬ 
tion.  In  this  manner  solid  state  reactions  induced  by  stress  may  be  iden¬ 
tified  as  occurring  ranges  of  temperature  under  particular  conditions. 


VERIFICATION  OF  THE  RELATIONSHIP  BETWEEN  ATOMIC 
VIBRATIONAL  AMPLITUDE  AND  THERMAL  EXPANSION 
OF  CRYSTALLINE  SOLIDS 

Bland  A.  Stein  and  Charles  R.  Houska 
Virginia  Polytechnic  Institute 

The  functional  accuracy  of  the  relationship  between  the  mean  square 
vibrational  amplitude  of  the  atoms  of  a  crystalline  solid  and  the  thermal 
expansion  of  that  solid  is  demonstrated  for  several  cubic  lattice  elements 
and  compounds  by  experimental  data  reported  in  the  literature.  The 
constants  of  the  relationship  are  calculated  for  the  materials  investigated. 
It  is  found  empirically  that  the  product  of  two  of  the  factors  in  the  relation¬ 
ship  appears  to  be  approximately  constant  for  most  materials  with  cubic 
lattices. 
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METHODS  OF  TESTING  NAILS  AND  THEIR  INFLUENCE 
ON  PRODUCTION  CONTROL 

E.  George  Stern 
Virginia  Polytechnic  Institute 

In  the  design  of  wood  assemblies  and  structures  the  specifications 
often  call  for  use  of  specific  nails.  In  the  shop  and  field,  it  has  been 
difficult  to  determine  whether  the  delivered  nails  fulfill  the  provisions 
of  the  specifications.  Consequently,  the  establishment  of  routine  inspec¬ 
tion  procedures  for  nails  was  found  to  be  highly  desirable.  To  provide 
a  common  basis  for  the  routine  inspection  of  nails,  four  mechanical  test 
procedures  were  developed.  They  provide  information  on  the  ductility, 
buckling  resistance,  stiffness,  and  flexural  strength  of  nails  of  any  type 
and  size.  Using  the  four  mechanical  test  procedures,  the  properties  of 
seventeen  production  lots  of  nails  were  determined.  The  presented  data 
provide  information  on  the  variability  of  nail  properties  as  influenced 
by  normal  production  procedures.  It  is  expected  that  as  a  result  of  the 
introduction  of  the  described  test  procedures  beter  nails  and  nailed  joints 
will  be  produced  for  greater  dependability  in  nailed  wood  construction. 


NAILS  AND  SPIKES  IN  HICKORY 

E.  George  Stern 
Virginia  Polytechnic  Institute 

Hickory,  growing  in  large  volume  in  the  Appalachian  mountain  area, 
has  earned  the  reputation  of  being  one  of  the  world’s  most  beautiful  and 
toughest  woods.  In  shock  resistance  it  has  no  equal.  Its  density  and 
hardness  are  higher  than  those  of  beech,  birch,  hard  maple,  and  white 
oak.  As  a  result,  it  has  provided  even  greater  nailing  problems  than 
other  hardwoods.  Yet,  recent  technological  developments  pushed  aside 
the  fastening  problems  with  which  the  hickory  user  was  previously  con¬ 
fronted.  Experimental  work  performed  for  more  than  a  decade  in  the 
Wood  Research  Laboratory  of  Virginia  Polytechnic  Institute  revealed 
that  the  use  of  improved  nails  sufficiently  reduces  hickory’s  excess  resist¬ 
ance  to  driving  of  nails  and  tendency  of  splitting  by  nails.  As  a  result 
of  the  development  of  expeditious  and  effective  fastening  procedures  for 
hickory,  it  is  visualized  that  much  of  the  lower-grade  hickory,  which  is 
available  today  in  large  quantities,  will  be  used  in  the  manufacture  of 
skids,  pallets,  bins,  drawers  and  drawer  guides,  bed  rails,  picture  frames, 
and  window  sashes. 
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STRUCTURE  OF  ELECTRODEPOSITED  METAL  FILMS 


Earl  R.  Thompson  and  K.  R.  Lawless 
University  of  Virginia 

Thin  films  (<1000 A)  of  gold  and  copper,  formed  by  electrodeposi¬ 
tion  from  aqueous  solutions  onto  single  crystal  cathodes,  have  been  examin¬ 
ed  by  transmission  electron  microscpoy  and  electron  diffraction.  Copper 
has  been  found  to  grow  epitaxially  on  the  (100)  surface  of  nickel  when 
deposited  from  a  suitable  bath.  Gold,  deposited  on  the  (100)  and  (111) 
surfaces  of  copper  from  a  cyanide  solution,  tend  to  grow  with  the  gold 
(111)  plane  parallel  to  the  copper  (100)  and  epitaxially  on  the  (111) 
surface  of  copper.  Copper  deposits  examined  while  on  nickel  substrates 
have  revealed  Moire  fringe  patterns  and  interfacial  dislocations.  The 
nucleation,  structure  and  surface  features  of  gold  electrodeposits  have 
been  observed. 


TRANSISTOR  CONTROLLED  ELECTROMAGNETIC  BALANCE 
FOR  USE  IN  LOW  DENSITY  WIND  TUNNEL 

William  R.  Towlor  and  William  H.  Dancy 
University  of  Virginia 

For  an  electromagnetic  balance  the  supporting  current  should  be 
linear  with  force.  In  such  a  balance  a  measurement  of  the  current  be¬ 
comes  a  measurement  of  the  force.  At  the  University  of  Virginia  such  a 
balance  has  been  constructed  to  hold  a  sphere  in  the  center  of  an  eight- 
inch  low-density  wind  tunnel.  With  no  material  supports,  the  gas  flow 
is  undisturbed  except  by  the  model  being  studied.  The  drag  forces  can 
be  determined  by  measureing  the  supporting  currents.  To  suspend  an 
object  far  from  its  controlling  magnets  requires  compact  high  current 
density  magnets.  The  magnets  used  in  this  project  are  foil  wound  and 
water  cooled.  The  high  currents  necessary  make  it  impractical  to  use 
electron  tubes  for  the  active  elements,  although  such  tubes  are  better 
suited  to  withstand  voltage  transients  from  inductive  loads.  Transistors 
protected  from  voltage  spikes  are  used  throughout.  Transistors  offer 
several  advantages:  they  require  only  low  safe  voltages,  provide  higher 
frequency  response,  and  have  low  power  consumption. 
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SIMULATION  OF  NUCLEAR  ENGINEERING  EXPERIMENTS 
FOR  HIGH  SCHOOL  STUDENTS 

T.  G.  Williamson  and  W.  Reed  Johnson 
University  of  Virginia 

A  program  in  nuclear  engineering  for  high  school  students  was  held 
at  the  University  of  Virginia  in  the  summer  of  1964.  Many  nuclear 
phenomena  were  simulated  in  the  laboratory  with  models  constructed  of 
locally  available  inexpensive  materials.  These  experiments  included  the 
simulation  of  charged  particle  accelerators,  elastic  scattering,  scattering 
and  absorption  cross  sections,  Rutherford  scattering,  geiger  tubes  and 
radioactive  decay.  Most  of  the  experiments  were  repeated  with  radio¬ 
active  sources  and  the  correlation  between  the  models  and  the  actual 
situations  pointed  out. 


SECTION  OF  GEOLOGY 

R.  L.  Ellison,  Chairman  B.  Hobbs,  Secretary 

W.  T.  Parrott,  Section  Editor 

DISTRIBUTION  OF  FORAMINIFERA  IN  THE  PATUXENT 
ESTUARY,  MARYLAND 

John  H.  J.  Christensen  and  Robert  L.  Ellison 
University  of  Virginia 

As  part  of  a  survey  of  the  Patuxent  Estuary  between  Lower  Marl¬ 
boro  and  Jack  Bay,  Maryland,  twenty-five  sediment  samples  were  col¬ 
lected  for  microfaunal  study.  Throughout  this  part  of  the  estuary,  Am- 
mobaculites  crassus  Warren,  an  arenaceous  foraminifer,  comprises  from 
78  to  100  percent  of  each  sample.  Empty  tests  of  this  species  are  espe¬ 
cially  abundant  in  the  shoaler  margins  of  the  estuary,  reaching  numbers 
of  approximately  11,000  specimens  per  20  ml  of  sediment.  Live  speci¬ 
mens,  however,  are  very  few.  The  generally  low  ratios  of  live  speci¬ 
mens  to  total  number  of  tests  per  sample  may  reflect  low  depositional 
rates  or  high  production  and  mortality.  Salinity  ranges  in  this  portion 
of  the  Patuxent  Estuary  are  similar  to  those  observed  within  the  Ammoba- 
culites  crassus  facies  in  the  Rappahannock  Estuary  of  Virginia.  Ammoas- 
tuta  salsa ,  a  marsh  species  of  foraminifer,  is  present  in  small  but  signif¬ 
icant  numbers  in  the  upper  reaches  of  the  estuary. 
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GRAVITY  TETONICS  IN  THE  NORTHERN  APENNINE 
MOUNTAINS,  ITALY 

Ernest  H.  Era 
University  of  Virginia 

Numerous  orogenic  theories  have  been  proposed  to  interpret  the 
observed  facts  of  Apennine  geology.  The  main  controversy  concerns  the 
nature  and  manner  of  emplacement  of  the  chaotic,  flysch-like  argille  scag- 
liose,  and  the  degree  of  detachment  of  the  Tuscan  and  Umbria-Marche 
series.  The  framework  of  the  autochthon  of  the  Northern  Apennines 
is  formed  by  six  parallel  anticlinal  ridges  (composite  wedges?)  com¬ 
posed  of  Oligocene  and  Miocene  turbidites  derived  from  a  northwesterly 
source.  An  orogenic  landslide  model  is  favored,  in  which  the  argillaceous 
and  marly  allochthonous  cover  with  included  blocks  and  slabs  moved 
progressively,  but  variably,  from  the  Tyrrhenian  to  the  Adriatic.  The 
mechanism  of  transport  was  mainly  by  gravity  down  the  slopes  of  the 
submerged  and  unconsolidated  turbiditic  troughs  which  were  in  the  proc¬ 
ess  of  uplift.  Successive  chronologic  uplift  of  the  ridges  from  south¬ 
west  to  northeast  caused  the  superincumbent  sediments  to  slide  into  the 
foredeep  in  front  of  each  rising  ridge.  When  the  next  adjoining  ridge 
developed,  slide  material  from  the  previous  detachment  as  well  as  new 
material  became  involved  causing  the  allochthon  to  become  more  chaotic 
toward  the  northeast.  A  unique  geologic  setting  is  therefore  indicated 
in  which  turbidites  from  the  northwest  filled  troughs  which  experienced 
concurrent  compressional  orogeny  and  tectonic  transport  to  the  north¬ 
east  as  well  as  chaotic  gravity  slides  in  the  same  direction  all  of  which 
developed  without  exposure  of  the  area  above  sea  level. 


SOME  GEOLOGICAL  AND  GEOMORPHOLOGICAL  OBSERVATIONS 
OF  CHESTERFIELD  COUNTY 

H.  L.  Mathews,  R.  L.  Hodges  and  D.  F.  Amos 
Virginia  Polytechnic  Institute 

This  paper  is  a  preliminary  report  concerning  the  partial  extent  of 
several  Coastal  Plain  terraces  in  Northern  Chesterfield  County.  These 
terraces  were  mapped  in  detail  from  recent  soil  survey  information.  The 
terraces  which  have  been  tentatively  identified  to  date  are  the  Brandy- 
win-?-Otironelle,  Sunderland  and  Wimomoco.  The  Brandywine-?-Citronel- 
le  escarpment  occurs  at  approximately  270  feet  and  the  terrace  surface 
rises  to  more  than  400  feet.  The  Brandy wine-?-Citronelle  formation  is 
fluvial  in  origin  and  consists  of  an  upper  loam  member  and  a  lower 
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gravel  member.  The  Sunderland  escarpment  occurs  at  approximately  160 
feet  and  the  terrace  surface  rises  to  an  elevation  of  260-270  feet.  The 
Sunderland  formation  consists  of  an  upper  loam  member  and  a  lower 
gravel  member.  The  gravel  are  smaller  and  less  weathered  than  those 
of  the  Brandywine.  The  Wicomoco  formation  resembles  the  Sunderland 
physically.  The  Wicomoco  escarpment  occurs  at  100  feet  and  the  ter¬ 
race  surface  rises  to  approximately  150  feet. 


DISTRIBUTION  OF  FORAMINIFERA  IN  THE  LOWER  YORK 
ESTUARY,  VIRGINIA 

Robert  Meintzer,  Roger  Plaster,  and  Robert  Ellison 
University  of  Virginia 

Sediment  samples  were  taken  at  19  stations  in  the  Lower  York 
Estuary,  between  Aberdeen  Creek  and  Tue  Point,  for  foraminiferal  exami¬ 
nation.  The  samples  collected  off  Tue  Point  and  off  Sandy  Point  near 
the  mouth  of  the  estuary  both  contain  abundant  specimens  of  Miocene 
foraminifers,  five  genera  of  which  are  diagnostic  of  Zone  II  in  the  York- 
town  Formation  (Mansfield,  1927).  The  Miocene,  probably,  is  at  or 
near  the  surface  of  the  estuary  floor  in  these  two  areas.  Recent  sedi¬ 
ments  in  the  Lower  York  Estuary  are  characterized  by  Elphidium  clavatum. 
Rarely,  however,  do  samples  contain  more  than  100  specimens  per  20  ml 
of  sediment.  Environmental  conditions,  therefore,  appear  to  be  mar¬ 
ginal  for  this  species.  Unlike  the  Rappahannock  Estuary  where  Elphidium 
clavatum  generally  is  confined  to  the  deeper,  more  saline  water  of  the 
basin,  in  the  York  Estuary  this  species  is  found  in  small  but  equal  num¬ 
bers  on  the  shoals  and  in  the  basin.  This  suggests  that  whereas  the 
Rappahannock  Estuary  is,  at  times,  moderately  well  stratified  with  regard 
to  salinity,  the  York  Estuary  is  relatively  well  mixed. 


FLOW  AND  SEDIMENTATION  OF  THE 
CHESAPEAKE  BAY  ENTRANCE 
M.  M.  Nichols 

Virginia  Institute  of  Marine  Science 

Depth  curves  of  the  Chesapeake  Entrance  floor  delineate  a  long 
central  trough,  30-95  feet  deep,  that  shoals  and  divides  inward.  In  the 
northern  part  of  the  entrance,  lesser  troughs  branch  and  converge  between 
shifting  shoals  reflecting  the  direction  of  current  flow.  Alternating  tidal 
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currents  reaching  3  knots  are  fully  competent  to  transport  coarse  sand. 
Superimposed  on  the  tidal  flow,  over  many  tidal  cycles,  is  a  small 
net  flow  that  moves  seaward  near  the  surface  and  inward  along  the  bot¬ 
tom.  Inward  “flood”  flow  in  troughs  below  the  level  of  no-net-motion, 
produces  parabolic  or  crescent-shaped  cars  near  inner  ends  of  the  troughs. 
Seaward  “ebb”  flow,  above  the  level  of  no-net-motion,  scours  barb-liked 
channels  jointing  seaward.  Sediment  on  the  central  trough  floor  varies 
from  moderately  well-sorted  to  poorly  sorted  medium  sand  rich  in  shell 
debris.  Size  distribution  characteristics  of  fine  well-sorted  sand  on  the 
shoals  suggest  that  current  flow  is  augmented  by  wave  action. 


WATER-BEARING  FRACTURES  IN  THE  LOCKPORT  DOLOMITE, 
NIAGARA  COUNTY,  NEW  YORK 
Frank  W.  Trainer 

U.  S.  Geological  Survey,  Washington,  D.  C. 

Fractures  in  the  flat-lying  Lockport  Dolomite  in  Niagara 
County  in  western  New  York  are  principally  bedding  joints,  except  near 
the  land  surface  where  vertical  joints  also  occur.  Study  of  the  walls  of 
water  wells  with  a  periscope  shows  that  the  horizontal  fractures  are  sheet¬ 
like  openings,  a  few  of  which  are  an  inch  or  more  wide.  A  few  vertical 
joints  widen  locally  as  small  tubes.  The  periscope  observations,  together 
with  temperature  profiles  and  water-level  data,  are  consistent  with  the 
conclusion  by  Johnston  (1964)  that  ground  water  in  the  Lockport  Dolo¬ 
mite  near  Niagara  Falls,  below  the  near-surface  zone  of  vertical  fractures, 
moves  principally  through  zones  of  bedding  joints  that  are  separated  from 
one  another  by  unfractured  rock.  Head  differences  between  zones  cause 
circulation  of  water  in  wells,  from  one  zone  to  anotehr,  under  nonpump¬ 
ing  conditions.  This  flow  produces  significant  changes  in  the  chemical 
quality  of  the  ground  water  with  time.  Moreover,  the  water  level  ob¬ 
served  in  each  well  which  taps  more  than  one  fractured  zone  is  at  a 
position  intermediate  between  the  levels  for  individual  zones,  and  the 
water  in  different  wells  stands  at  different  levels  depending  on  which 
zones  were  penetrated.  (Publication  authorized  by  the  Director  of  the 
U.  S.  Geological  Survey). 
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SECTION  OF  MEDICAL  SCIENCES 

M.  S.  Rittenbury,  Chairman  L.  Levine,  Secretary 

E.  S.  Higgins,  Section  Editor 

THE  CHEMICAL  HISTOLOGY  OF  PROTEIN-BOUND  INDOLE 
DERIVATIVES  (TRYPTOPHAN)  IN  ADVANCED  EMBRYOS 

John  C.  Bartoane,  Stephan  Anish  and  Charles  Bier 
Department  of  Anatomy,  George  Washington  University  Medical  School, 

Washington,  D.C. 

Ehrlich’s  reagent,  p-dimethvlaminobenzaldehyde  (DMAB)  in  the  con¬ 
densation  reaction  of  Adams  (1957)  was  applied  to  serial  sections  of  22 
mm  sow  embryos  for  histochemical  localization  of  tryptophan  containing 
proteins  wherein  the  reaction  was  sensitive  and  specific.  Ectodermal  pri- 
morida  in  morphological  evolution  contained  qualitative  indole  derivatives 
sparsely  except  nervous  elements  which  had  greater  concentrations  thereby 
exhibiting  more  metabolic  activity  perhaps  in  pace  with  its  earlier  appear¬ 
ance,  function  and  proportionate  size.  Usual  chemogenetic  specificity 
was  absent  in  the  brain.  Manv  mesodermal  tissues  were  faintly  positive 
for  localization  of  tryptophan.  The  rete  mirable  of  the  mesonephros  was 
especially  reactive,  whereas  the  approaching  metanephros  was  only  faintly 
positive.  Erythrocytes  were  moderately  positive;  other  hematologic  ele¬ 
ments  slightly.  Other  organs  varied  from  positive  to  non-reactive  sites. 
Endodermal  tissues  and  organs  were  least  reactive  for  determinable  tryp¬ 
tophan.  Only  the  liver  contained  a  moderate  reaction  while  associated 
oragns  as  intestine,  pancreas  and  gall-bladder  were  faintly  so.  Other 
structures  appeared  negative.  The  determination  of  tryptophan  contain¬ 
ing  proteins  in  advanced  embryos  although  positive  or  non-detectable 
present  a  low  chemodifferentiation  index  of  chemical  differences  within 
similar  cells  of  developing  tissues. 


HISTOCHEMICAL  ONTOGENESIS  OF  VICINAL  HYDROXYL 
GROUP  CARBOHYDRATES  IN  EMBROYONIC  HISTOLOGY 

John  C.  Bartone,  Nicholas  Cifelli,  Jr.,  and  Carl  Rothschild 
Department  of  Anatomy,  George  Washington  University  Medical  School , 

Washington ,  D.  C. 

All  ectodermal  structures  in  the  process  of  chemodifferentiation 
revealed  carbohydrates  present  in  variable  quantities.  Heavy  concentra¬ 
tions  were  observed  in  epidermis,  nose,  mouth  and  nerve  sheaths.  Mod- 
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erate  amounts  were  visible  in  the  adrenal  and  lens.  Detectable  small 
localizations  were  present  in  the  hypophysis,  brain  and  spinal  cord. 
Characteristic  differences  between  the  nuclear  layer  and  marginal  layer 
of  the  brain  and  cord  were  not  apparent  at  this  developmental  level. 
Ganglia  were  negative.  Heavy  concentrations  of  carbohydrates  among 
organs  derived  from  the  mesoderm  were  found  only  in  skeletal  muscle, 
cartilage  and  osteocytes.  The  organs  in  development  from  the  endoderm 
exhibited  a  particular  reactive  pattern  in  the  chemical  histology  of  carbo¬ 
hydrate  localization.  This  substance  was  heavily  deposited  in  the  pharynx, 
trachea,  lung,  esophagus,  stomach  and  thymus.  A  more  moderate  reac¬ 
tion  occurred  in  the  auditory  tube,  tongue  root,  thyroid,  parathyroid  and 
pancreas.  Chemogenetic  morphology  was  evident  in  the  progressive 
chemical  metabolism  and  increased  staining  of  cells  by  differentiation 
in  chondrogenesis  from  the  perichondrium  to  adult  cartilage  cells.  Chemo- 
metabolism  was  seen  in  different  grading  of  color  intensity  of  plus-four 
(alimentary  tract)  to  plus-three  (mesodermal  condensation)  to  plus-two 
(loose  stroma). 


BODY  WEIGHT  RELATION  TO  VERTEBRATE  BOG 
Jack  Burke 

Department  of  Anatomy,  Medical  College  of  Virginia 

Vertebrate  blood  oxygen  capacity  relations  to  body  weight  have 
been  investigated  in  albino  rats,  various  species  of  birds,  aquatic  and 
terrestrial  turtles,  Ranid  frogs,  and  fishes.  Linear  regression  equations 
of  log  BOC  on  body  weight  for  each  vertebrate  group  shows  that  a  signif¬ 
icant  relation  exists  between  BOC  per  gram  of  body  weight  vs.  body 
weight.  At  the  significance  level  (P  <  0.01),  blood  oxygen  capacity 
per  gram  of  body  weight  decreases  as  body  weight  increases.  Coefficient 
of  correlation  values  are  also  highlv  significant  for  each  group. 


ECO-PHYSIOLOGICAL  RELATIONS  TO  POLYMORPHIC 
HEMOGLOBINS  IN  FISHES 
Jack  Burke 

Department  of  Anatomy,  Medical  College  of  Virginia 

Polymorphic  hemoglobins  exist  between  Micropterus  salmoides  (large- 
mouth  bass)  and  M.  dolomeiui  (smallmouth  bass)  as  well  as  Salmo  gaird- 
neri  (rainbow  trout)  and  S.  trutta  (brown  trout)  as  shown  by  oxyhemo¬ 
globin  affinity  curves  and  electrophoregrams  developed  on  cellulose  acetate 
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membranes.  Results  show  that  the  hemoglobins  in  largemouth  bass  have 
a  greater  affinity  for  oxygen  than  smallmouth  bass,  but  the  Bohr  Effect 
is  greater  in  the  latter.  Although  electrophoresis  patterns  are  different 
in  the  trout,  their  oxyhemoglobin  affinity  curves  are  somewhat  similar. 
With  other  eoo-physiological  factors  adequate  for  survival,  it  seems  that 
smallmouth  bass  and  trout  are  restricted  to  habitats  favorable  for  higher 
concentrations  of  oxygen  such  as  cool  water  and/or  rapids.  Conversely, 
largemouth  bass  can  exist  in  habitats  of  lower  oxygen  concentration  since 
it  has  hemoglobins  with  a  higher  affinity  for  oxygen  than  either  the  small¬ 
mouth  bass  or  trout. 


FATTY  ACID  COMPOSITION  OF  MAJOR  SERUM  LIPID  FRACTIONS 
IN  PATIENTS  WITH  CIRRHOSIS 

C.  W.  Chamberlain  and  W.  T.  Dabney,  III 
Department  of  Medicine,  Medical  College  of  Virginia 

The  fatty  acid  composition  of  the  major  serum  lipid  fractions  from 
nine  patients  with  cirrhosis  was  determined  and  compared  with  fourteen 
healthy  adult  controls.  The  total  lipid  was  extracted  from  10  ml.  of 
serum  and  the  triglyceride,  cholesterol  ester,  and  phospholipid  fractions 
separated  on  silicic  acid  columns.  Gravimetric  determinations  of  total 
lipid,  neutral  lipid  (triglyceride  and  cholesterol  esters)  and  phospholipid 
were  made.  Colorimetric  determinations  were  made  for  total  cholesterol. 
An  analysis  of  the  methyl  esters  of  the  fatty  acids  of  the  triglyceride, 
cholesterol  esters  and  phospholipid  fractions  was  performed  using  gas- 
liquid  phase  chromatography  with  ethylene  glycol  succinate  polyester  as 
the  stationary  phase.  There  was  no  significant  difference  in  the  levels 
of  total  lipid,  total  neutral  lipid,  total  cholesterol,  total  cholesterol  esters 
or  total  phospholipid.  Analysis  of  the  data  revealed  a  significant  in¬ 
crease  in  the  percent  of  palmitoleic  acid  in  the  cholesterol  ester  frac¬ 
tion,  (P  <  .001).  There  was  also  a  significant  lowering  of  the  linoleic 
acid/oleic  acid  ratio  in  the  triglyceride,  phospholipid  and  cholesterol  ester 
fractions,  (P  <  .001,  P  <  .010,  P  <  .005  respectively).  A  multiple  regres¬ 
sion  analysis  of  the  data  on  the  fatty  acid  composition  showed  that  it 
was  possible  to  discriminate  between  the  group  with  cirrhosis  and  the 
normal  group,  P  <  .001. 
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STUDIES  ON  THE  MECHANISM  BY  WHICH  LOCAL  RADIATION 
PROLONGS  SURVIVAL  OF  KIDNEY  HOMOGRAFTS 

R.  J.  Cleveland,  H.  M.  Kauffman,  W.  H.  Graham,  and  D.  M.  Hume 
Department  of  Surgery,  Medical  College  of  Virginia 

Prolongation  of  renal  homografts  by  selective  suppression  of  the 
immune  response  by  local  radiation  to  the  graft  has  previously  been 
reported.  In  an  attempt  to  demonstrate  the  mechanism  of  action  of 
local  graft  radiation,  the  effect  of  local  radiation  on  immunization  to 
the  first  set  kidney  graft  has  been  assayed  by  placing  untreated  second 
set  grafts  from  the  same  donor  into  the  original  recipient.  Any  signif¬ 
icant  prolongation  of  functional  survival  time  (FST)  of  second  set  grafts 
may  be  due  to  inhibition  of  the  afferent  arc  of  the  immune  response. 
Mongrel  dogs  received  a  renal  homograft  with  a  cutaneous  ureterostomy. 
Animals  were  divided  into  2  groups:  control  and  local  graft  radiation 
treated  animals.  First  set  grafts  were  allowed  to  remain  in  the  host 
for  4  days  and  then  were  removed.  A  rest  of  4  to  20  days  was  allowed 
Functional  survival  time  of  second  set  grafts  was  assessed  by  urine  pro¬ 
duction.  Mean  FST  of  6  control  second  set  grafts  was  1.6  ±  0.5  days. 
In  comparison  the  FST  of  7  second  set  grafts  in  animals  who  received 
local  radiation  to  the  first  set  graft  was  3.4  ±  0.8  days.  While  this 
is  not  as  long  as  FST  of  untreated  first  set  grafts  (5.6  days),  it  appears 
to  be  significantly  prolonged  (p  <  .001).  Histological  examination  of 
second  set  kidneys  in  treated  animals  demonstrates  a  modified  second 
set  reaction  with  features  of  both  first  set  and  second  set  reaction  pat¬ 
terns.  It  appears  that  local  graft  radiation  inhibits  the  afferent  arc  of 
the  immune  response  to  renal  homografts. 


A  COMPARISON  OF  METHODS  FOR  “QUICK  SALINITY”  WATER 

SAMPLES 

Charles  Clough,  School  of  Dentistry,  and 

Jack  Burke,  Department  of  Anatomy,  Medical  College  of  Virginia 
A  titration  method  was  used  for  “quick  salinity”  determinations  in 
terms  of  sodium  chloride  in  standard  water  samples,  and  in  samples  rang¬ 
ing  from  fresh  water  to  sea  water.  The  standards  were  also  compared 
with  a  commercial  Chloride  Titrator.  A  comparison  of  different  indica¬ 
tors  showed  that  the  per  cent  error  was  somewhat  less  using  potassium 
chromate  than  with  dichlorofluorescein.  This  is  attributed  to  the  more 
easily  discernible  end-point  with  the  chromate  solution  —  particularly 
in  bright  daylight. 
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MOLYBDENUM,  MULTIPLE  CELLULAR  SUBDIVISION,  AND 
REDUCED  CYTOCHROMES  IN  EUGLENA  GRACILIS 

Germille  Colmano, 

Department  of  Veterinary  Science,  Virginia  Polytechnic  Institute 

Euglena  gracilis  (Z)  and  E.  hacillaris-c  cells,  grown  in  light,  green 
in  color  and  therefore  capable  of  photosynthesis,  contain  reduced  cyto¬ 
chrome-552  in  the  lamellae  of  the  chloroplast’s  grana.  Euglena  mutants 
bleached  by  streptomycin  so  that  they  are  without  chlorophyll,  yellow 
in  color  and  incapable  of  photosynthesis,  contain  reduced  cytochrome-556 
in  the  mitochondria.  All  euglena  cells  subdivide  normally  by  longitudinal 
binary  fission.  If,  however,  the  molybdenum  amount  (5.68  x  10~5  M), 
normally  present  in  the  medium,  was  increased  to  a  concentration  between 
10~3  and  10-2  M,  then  multiple  subdivision  forms  appeared.  Groups 
of  attached  clustered  cells  up  to  nine  in  number  were  observed.  When 
the  cytochrome  in  the  green  cells  of  Euglena  gracilis  (Z)  grown  in  the 
medium  with  the  higher  levels  of  molybdenum  was  extracted,  the  absorp¬ 
tion  spectrum  showed  the  presence  of  a  cytochrome  with  a  550  m/x  absorp¬ 
tion  peak  rather  than  the  cytochrome-552  normally  present.  This  is  the 
first  time  that  the  presence  of  a  cytochrome-550  type  has  been  observed 
in  euglenas.  These  findings  would  indicate  that  the  utilization  of  energy 
through  a  cytochrome  electron  transfer  system  and  the  metabolism  of 
molybdenum  are  both  involved  in  the  mechanism  that  controls  cellular 
subdivision. 


IMMUNOSUPPRESSIVE  EFFECT  OF  HETEROLOGOUS 
ANTILYMPHOCYTE  SERUM  IN  DOGS 

W.  Edward  Dalton,  H.  M.  Lee,  H.  M.  Kauffman,  and  David  M.  Hume 
Department  of  Surgery,  Medical  College  of  Virginia 

In  our  laboratory  we  have  demonstrated  the  ability  of  heterologous 
antirat  lymphocyte  serum  to  depress  circulating  lymphocytes  and  to  pro¬ 
long  skin  homotransplants.  Others  have  reported  on  the  efficacy  of 
anti-lymphocyte  serum  in  prolonging  mouse  skin  homotransplants.  We 
have  attempted  to  produce  an  anti-dog  lymphocyte  serum  which  will  be 
effective  in  lowering  the  circulating  lymphocyte  count,  and  to  study 
the  effect  of  this  serum  on  canine  skin  and  renal  homograft  rejection. 
The  serum  was  produced  in  calves  by  serial  injections  of  dog  lymphocytes. 
Serum  obtained  from  the  calves  was  heat  inactivated  and  adsorbed  against 
dog  erythrocytes.  The  serum  was  stored  at  —40°  C  until  use.  A  group 
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of  dogs  had  bilateral  nephrectomies  and  renal  homotransplants  placed 
in  the  iliac  fossa.  Other  dogs  had  skin  homografts  placed  on  their  back. 
Anti-lymphocyte  serum  was  administered  to  these  dogs  for  14  consecu¬ 
tive  days.  Bloods  were  drawn  at  regular  intervals  and  studied  for  serum 
urea  nitrogen,  serum  creatinine,  and  complete  blood  counts.  Autopsies 
were  performed  on  all  animals.  Twenty- two  dogs  with  renal  homo¬ 
grafts  survived  7  to  30  days,  average  survival  was  13  days;  10  control 
animals  survived  10  days  average;  skin  grafts  survived  11  to  44  days 
with  average  survival  17  days,  versus  an  average  survival  of  10  days  in 
the  control  skin  homografts.  Lymphocyte  depletion  was  achieved  in 
70%  of  the  animals  receiving  anti-lymphocyte  serum.  These  results  are 
not  comparable  with  results  obtained  in  treating  rats  with  anti-lymphocyte 
serum,  and  rats  seem  not  to  have  results  comparable  with  mice.  We 
have  been  able  to  reverse  kidney  rejection  in  one  dog  with  antiserum 
administration  started  subsequent  to  rise  in  serum  urea  nitorgen.  This 
dog  is  surviving  47  days  as  of  this  date. 


EFFECT  OF  OROTIC  ACID  FEEDING  ON  THE  SERUM 
LIPIDS  OF  RATS 

J.  C.  Forbes,  R.  A.  Rudolph,  and  O.  M.  Petterson 
Department  of  Biochemistry,  Medical  College  of  Virginia 

The  administration  of  orotic  acid  to  rats  on  a  synthetic  diet  has 
been  shown  by  various  investigators  to  produce  fatty  livers  in  a  relatively 
short  period  of  time.  Accompanying  the  fatty  liver  is  a  low  concen¬ 
tration  of  serum  lipoproteins.  This  suggests  that  a  major  factor  in  the 
production  of  the  fatty  liver  may  be  interference  with  the  removal  of 
lipids  from  the  liver.  In  the  present  investigation  the  effect  of  orotic 
acid  feeding  on  total  serum  cholesterol  and  triglycerides  as  well  as  on 
the  low  density  lipoproteins,  as  separated  by  dextran  sulfate  and  cal¬ 
cium  chloride  precipitations,  was  determined.  The  results  showed  almost 
complete  disappearance  of  cholesterol  from  the  dextran  sulfate  precipitable 
material  as  well  as  a  very  low  triglyceride  content  after  the  animals 
were  on  the  orotic  acid  diet  for  a  week  or  more.  This  was  accompanied 
by  a  marked  increase  in  the  cholesterol  and  triglyceride  content  of  the 
liver.  Rats  on  Purina  rat  pellets  supplemented  with  orotic  acid  grew 
well,  in  contradistinction  to  those  on  the  synthetic  diet,  and  showed 
normal  serum  and  liver  lipid  distribution.  Experimental  results  on  the 
possible  effect  of  various  substances  on  the  serum  lipoproteins  and  the 
removal  of  lipids  from  the  liver  of  orotic  acid  fed  rats  will  be  presented. 
(Supported  in  part  by  NIH  grant  AM-07696-02). 
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AN  INVESTIGATION  OF  IMMUNOLOGIC  RESPONSES  OF 
THE  NEWT,  DIEM1CTYLUS  VIR1DESCENS 

Charles  B.  Futch  and  J.  David  Deck 
University  of  Virginia 

Interest  in  the  immune  response  of  the  newt  is  based  on  the  need 
for  knowledge  of  antigen-antibody  systems  in  general,  and  the  hope  of 
securing  a  simple  biological  model  for  investigation,  and  the  necessity 
of  determining  the  variables  introduced  in  past  experiments  by  immuno- 
responses  after  transplantation  of  newt  tissue  and  infusion  of  antigenic 
homogenates.  Two  parameters  were  evaluated  in  the  attempt  to  clarify 
the  total  response  of  the  newt-survival  of  newt  autografts  and  homografts 
at  varying  temperatures  and  response  to  antigenic  challenge  with  a  homo¬ 
genate  of  newt  tissue  and  a  killed  suspension  of  Pseudomonas  hydrophilia, 
the  suspected  cause  of  amphibian  “red  leg”  disease.  The  extent  of 
immunoresponsiveness  of  the  newt  was  evaluated  by  means  of  differential 
blood  counts,  histological  study  of  various  tissues,  graft  responses,  capil¬ 
lary  tube  precipitin  reaction  and  gel  diffusion  studies.  The  immunologic 
response  of  the  newt  is  discussed  in  terms  of  effects  of  temperature  and 
sex,  cellular  response  and  antibody  specificity.  The  possibility  of  an 
auto-immune  disease  in  amphibians  is  suggested.  Finally,  the  feasibility 
of  using  the  newt  as  an  experimental  model  is  evaluated. 


SYNTHESIS  AND  BASIC  PHARMACOLOGIC  ACTIVITY  OF 
8-ALKYLTHIOXANTHINES  AND  RELATED  COMPOUNDS 

R.  H.  Goldsmith,  Department  of  Pharmacology , 

University  of  Virginia  School  of  Medicine  and 
R.  M.  Burgison,  University  of  Maryland  School  of  Medicine 

Various  leads  obtained  from  previous  work  in  our  laboratory  and  cer¬ 
tain  information  obtained  from  a  number  of  diverse  sources  suggested 
the  possibility  that  8-alkylthioxanthines  might  have  antitumor  activity. 
Three  simplified  synthetic  procedures  were  developed  for  the  preparation 
of  8-mencaptotheophylline  by  the  reaction  of  5,6-diamino-l,  3-dimethyluracil 
with  carbon  disulfide.  8-mercaptotheophylline  will  react  with  a  large 
number  of  alkyl,  aralkyl,  alkylamino  and  alkylheterocyclic  halides  to  yield 
a  series  of  8-substituted  thiotheophy Hines.  Individual  8-alky lthiotheophyl- 
lines  were  methylated  to  yield  the  equivalent  8-alky lthiocaf femes.  Several 
8-substituted  thiotheobromines  and  8-substituted  thioxanthines  were  also 
prepared.  All  of  the  compounds  were  submitted  to  the  Cancer  Chemo¬ 
therapy  National  Service  Center  for  testing  in  a  variety  of  tumor  sys- 
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terns.  Only  two  compounds,  8-n-nonylthiocaffeine  and  8-n-octylthiotheo- 
bromine,  had  sufficient  activity  to  pass  the  three-stage  primary  screen 
against  sarcoma  180,  but  the  activity  was  not  confirmed.  Each  com¬ 
pound  was  either  dissolved  or  suspended  in  carbowax  300  and  injected 
intraperitoneally  into  ten  male  white  rats  at  varying  dose  levels.  This 
preliminary  pharmacologic  screen  indicated  that  hypnosis  was  the  most 
significant  characteristic  of  the  group,  and  that  8-n-butylthiotheophylline 
had  the  best  hypnotic  activity.  Structure-activity  relationships  were  estab¬ 
lished.  Later  tests  indicated  a  lack  of  anticonvulsive,  tranquilizing  and 
diuretic  activity  among  the  group. 


SALIVARY  RESPONSES  TO  SUBCORTICAL  STIMULATION 

Earl  C.  Hagstrom,  Charles  H.  Hockman  and  Ebbe  C.  Hoff 
Division  of  Psychiatric  Research ,  Medical  College  of  Virginia 

In  acute  experiments  with  adult  cats,  the  salivary  response  of  the 
submaxillary  glands  was  studied  during  the  electrical  stimulation  of  corti¬ 
cal  and  subcortical  forebrain  structures.  With  Wharton’s  duct  cannulated, 
saliva  was  allowed  to  flow  through  a  drop  counter,  activating  a  Sanborn 
recorder.  Stimulation  of  the  anterior  sigmoid  gyrus  elicited  salivation 
which  substantiated  the  earlier  finding  of  a  cortical  locus  that  produced 
copious  salivation.  An  unexpected  finding  was  increased  salivary  secre¬ 
tion  as  a  result  of  stimulation  of  an  area  beneath  the  anterior  suprasvl- 
vian  gyrus.  Further  study  has  revealed  this  area  to  encompass  the  dorsal 
surface  of  the  caudate  nucleus  and  the  fasciculus  suboallosus.  To  deli¬ 
neate  the  functional  pathway  involved,  a  series  of  experiments  were  under¬ 
taken  to  study  the  effect  of  transections  at  various  depths,  anterior  and 
posterior  to  the  point  of  stimulation.  Transections  posterior  to  the  point 
of  stimulation  had  no  effect  on  salivation,  if  the  extreme  ventral  portion 
of  the  brain  is  undisturbed.  Complete  transection  of  the  brain  anterior 
to  the  point  of  stimulation  eliminated  salivation. 


PRENATAL  ENVIRONMENTAL  EFFECTS  ON  DEVELOPMENT  OF 
MONOAMINE  OXIDASE  AND  O-METHYL  TRANSFERASE  ACTIVITY 
IN  FOETAL  AND  NEONATAL  MOUSE  BRAIN 

Joseph  P.  Hennessy 
College  of  William  and  Mary 

Recent  investigations  indicate  that  stimulation  of  the  pregnant  female 
rat  can  influence  behavior  patterns  exhibited  by  her  offspring.  This  stimu- 
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lation  may  be  in  the  form  of  population  density  increases,  electroshock, 
epinephrine  injection  or  nonspecific  handling.  Increased  environmental 
stimulation  releases  stored  catecholamines  into  systemic  circulation,  a  mark¬ 
ed  portion  of  which  one  expects  to  pass  through  the  uterus  and  placenta. 
There  is  evidence  that  catecholamines  may  cross  the  placental  barrier 
and  enter  foetal  circulation.  Present  studies  have  been  undertaken  to 
determine  possible  adaptation  of  monamine  oxidase  and  O-methyl  trans¬ 
ferase,  enzymes  catabolizing  catecholamines,  in  brain  tissue  from  foetal 
and  neonatal  mice  as  a  result  of  increased  catecholamine  levels  in  the 
foetus  following  maternal  environmental  stimulation. 


THE  ROLE  OF  POTASSIUM  ION  IN  THE  GENERATION  OF 
FROG  SKIN  POTENTIAL 

E.  G.  Huf,  P.  M.  Winn,  W.  R.  Tolbert  and  N.  S.  LaPrade 
Medical  College  of  Virginia  and  University  of  Richmond 

Chemical  analysis  of  frog  skin  showed  that  replacement  of  chloride  by 
sulfate  had  little  effect  on  total  sodium  and  potassium  in  skin  if  the  experi¬ 
ments  with  sulfate-Ringer’s  were  limited  to  six  hours.  Small  amounts  of 
chloride  (6%)  remained  in  skin.  Skins  in  sulfate  solutions  invariably 
gained  water,  on  the  average  9%.  Skin  respiration  was  remarkably  little 
affected  by  such  materials  as  sulfate,  ferrocyanide,  sucrose,  high  concen¬ 
trations  of  Mg.  In  sodium  deficient  sltutions  respiration  was  about  one- 
half  its  normal  rate.  Working  with  sulfate  solutions,  the  response  of  the 
outside  and  the  inside  of  the  skin  of  R.  pipiens  to  changes  in  Na  and  K 
concentrations  was  re-investigated.  The  inside  behaved  as  an  almost  ideal 
potassium  electrode.  Sodium  and  magnesium  ions  did  not  affect  the 
electrical  response  of  the  inside  to  potassium  ion.  The  outside  behaved 
as  a  sodium  electrode  with  a  considerable  “potassium  error”.  The  response 
on  the  outside  to  sodium  was  affected  by  magnesium  ions  in  such  a  way 
as  to  exaggerate  the  “potassium  error”.  The  epithelial  side  is  known  to 
be  permeable  to  sodium  and  potassium.  The  Goldman-Hodgkin-Katz  equa¬ 
tion  was  used  to  calculate  the  ratio  of  the  permeability  coefficients, 
P k/P Na  •  This  ratio  increased  with  increasing  sodium  concentration  and 
skin  potential.  The  results  support  a  speculative  model  of  an  electrogenic 
active  Na  transport  mechanism  in  frog  skin  which  has  been  published 
several  years  ago,  and  which  is  now  re-interpreted  in  the  light  of  new 
experimental  results.  A  skin  model  is  presented  consisting  of  a  sodium 
and  a  potassium  diffusion  battery  in  the  ‘‘outer  border”  of  the  epithelium. 
The  “inner  border”  is  the  site  of  a  sodium  transport  battery  and  a  potas¬ 
sium  diffusion  battery  which,  under  steady  state  conditions,  may  be  kept 
ineffective  by  the  sodium  transport  battery. 
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FLUORESCENT  ANTIBODY  STUDIES  ON  RENAL  HOMOGRAFTS 

H.  M.  Kauffman,  A.  S.  Clements,  R.  J.  Cleveland,  and  D.  M.  Hume 
Department  of  Surgery,  Medical  College  of  Virginia 

Rejection  of  primary  renal  homografts  is  generally  accepted  as  a  cellu¬ 
lar  mediated  immune  reaction.  Attempts  to  demonstrate  humoral  anti¬ 
body  associated  with  primary  graft  rejection  have  generally  been  unsuc¬ 
cessful.  Antibody  activity  is  generally  associated  with  the  y  globulin 
fraction  of  serum.  Sites  of  y  globulin  localization  in  normal  and  dis¬ 
eased  human  kidneys  as  well  as  in  rejected  human  renal  homotransplants 
were  studied  by  the  fluorescent  antibody  technique.  Cryostat  sections, 
4  /x  ,  were  reacted  with  anti-human  y  globulin  conjugated  with  fluorescein 
isothiocyanate  (FITC).  Control  sections  were  first  reacted  with  uncon¬ 
jugated  anti-human  y  globulin  to  block  the  subsequent  reaction  of  FITC 
conjugated  antisera.  Normal  kidneys  demonstrated  minimal  patchy  fluo¬ 
rescence  in  the  tubules  and  interstitium.  High  intensit  y specific  fluo- 
erscence  was  observed  in  and  around  arterioles,  in  Bowman’s  capsule, 
in  the  interstitium  and  in  and  around  the  tubules  of  end-stage  diseased 
kidneys.  Similarly,  rejected  renal  homografts  had  high  intensity  specific 
fluorescence  in  and  around  arterioles,  in  the  interstitium,  in  and  around 
the  tubules,  and  in  both  the  glomerular  tufts  and  Bowman’s  capsule. 
Control  sections  of  normal,  diseased,  and  renal  homografted  kidneys  ex¬ 
hibited  no  specific  fluorescence.  The  demonstration  of  significant  amounts 
of  y  globulin  in  rejected  renal  homografts  is  presumptive,  but  not  con¬ 
clusive,  evidence  of  the  presence  of  antibody  within  the  graft. 


METHODS  FOR  MEASURING  HEMOGLOBIN  CONCENTRATIONS 

IN  FISHES 

Stan  Kaufman,  Medical  College  of  Virginia,  Worth  Landis,  Randolph- 
Macons  Men  College,  and  Jack  Burke,  Medical  College  of  Virginia 

Hemoglobin  determinations  were  made  on  blood  from  fishes  using 
the  Wong,  ammonium  hydroxide,  cyanomethemoglobin,  and  sodium  car¬ 
bonate  methods.  Standard  values  were  recorded  using  the  Wong  Meth¬ 
od  for  iron  analysis.  Other  values  were  obtained  with  the  remaining 
methods  using  a  standard  curve  plotted  from  a  sample  containing  a  known 
hemoglobin  concentration.  These  values  are  reported  as  percentage  varia¬ 
tions  from  the  Wong  values., 
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ELECTRICAL  EXCITABILITY  OF  CHRONICALLY  DENERVATED 

SKELETAL  MUSCLE 
L.  Levine 

Department  of  Physiology,  University  of  Virginia  School  of  Medicine 

Resting  and  action  potentials  have  been  recorded  in  vitro  from  individual 
fibers  of  innervated  and  chronically  denervated  (3-10  weeks)  sartorii  of 
Rana  pipiens,  using  intracellular  microelectrodes.  Muscles  were  studied 
in  Ringer’s  solution  and  in  isosmolar  media  in  which  K+,  Na+,  or  Ca++ 
concentrations  were  modified.  Quantitative  comparison  between  inner¬ 
vated  and  denervated  fibers  was  made  for  resting  potentials,  active  mem¬ 
brane  potentials,  action  potentials,  maximum  rates  of  rise  and  maximum 
rates  of  fall  of  the  action  potentials,  and  membrane  potentials  at  which 
maximum  rates  of  rise  and  maximum  rates  of  fall  occurred.  Resting 
potentials  did  not  differ  significantly  in  innervated  and  denervated  fibers 
in  any  of  the  bathing  solutions.  In  both  types  the  resting  potential  varied 
with  log(K)0  in  the  same  manner.  This  finding  indicates  that  resting 
membrane  permeability  to  sodium  is  affected  to  the  same  degree  as  is 
that  to  potassium,  since  it  is  known  that  potassium  conductance  is  mark¬ 
edly  reduced  in  denervated  muscle.  All  of  the  parameters  of  the  action 
potential  studied,  except  one,  were  unaltered  following  denervation.  In 
all  of  the  solutions  employed,  the  maximum  rate  of  fall  of  the  action 
potential  was  significantly  slower  in  denervated  fibers  (P  <  .01).  These 
results  have  been  interpreted  as  evidence  of  depression  of  the  permeability 
of  the  active  membrane  to  potassium  following  denervation. 

RHESUS  OXY-HEMOGLOBIN  EQUILIBRIA  AND  HEMOGLOBIN 

PATTERNS 

Joseph  Lively  and  Jack  Burke 
Department  of  Anatomy,  Medical  College  of  Virginia 

Blood  was  obtained  by  oardiac  puncture  from  three  Macaca  mulatta 
monkeys.  Hemolysates  were  prepared  by  filtration  and  centrifugation 
(20,000  g  at  4°C).  Oxy-hemoglobin  affinity  curves  were  determined 
spectrophotometrically  on  hemolysates  diluted  with  phosphate  buffers 
(pH  =  7.4  and  pH  =  6.8;  ionic  strength  =  0.3) .  Spectrophotometric 
readings  were  made  at  a  wavelength  of  640  mu,  and  temperature  =  23  °  C. 
The  P60  of  oxy-hemoglobin  at  pH  =  7.4  was  15  mm  Hg;  at  the  more 
acid  pH,  it  was  23  mm  Hg.  Electrophoretic  patterns  were  obtained  using 
vertical  starch  gels  and  cellulose  acetate  membranes  in  borate  and  tris 
buffers,  respectively,  at  pH  =  8.6.  Hemoglobin  patterns  were  duplicated 
on  the  two  media,  and  resolved  into  five  bands. 
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THE  PATHOLOGY  OF  VIBRIO  FETUS  TOXIN  SHOCK 


John  Clark  Osborne 
Virginia  Polytechnic  Institute 

The  pathology  following  intravenous  inoculation  of  Vibrio  fetus  whole 
cells  and  cell-free  toxin  was  studied  in  five  animal  species.  Reversible 
and  irreversible  bacterial  toxin  shock  resulted.  Disseminated  intravascular 
coagulation,  stasis,  embolism,  thrombosis,  and  edema  were  prominent 
lesions.  The  microvasculature  appeared  to  be  the  primary  target  of  V. 
fetus  toxin. 

It  is  hypothesized  that  the  allergic  inflammatory  lesions  produced  by 
the  administration  of  V.  fetus  toxin  are  basic  in  the  pathogenesis  of  vibrionic 
disease  as  well  as  the  other  gram-negative  septicemias  . 


MOLECULAR  SIZE  OF  BOVINE  GLUTAMATE  DEHYDROGENASE 
AND  THE  CHgHgBr- ACTIVATED  ENZYME  IN  TH  CONCENTRATION 
RANGE  OF  ENZYMATIC  ASSAY 

Kenneth  S.  Rogers,  Leslie  Hellerman,  and  Thomas  E.  Thompson 
Department  of  Biochemistry,  Medical  College  of  Virginia  and  Department 

of  Physiological  Chemistry,  Johns  Hopkins  School  of  Medicine 

Although  it  is  known  that  glutamate  dehydrogenase  undergoes  disso¬ 
ciation  with  dilution,  neither  the  molecular  size  of  the  enzyme  nor  the 
effect  of  methylmercuric  bromide  “activation”  on  the  molecular  size  of 
the  enzyme  has  been  previously  determined  at  the  concentration  range 
of  enzymatic  assay.  Studies  were  undertaken  with  use  of  a  Sephadex 
G-200  molecular  sieve  column  to  determine  the  molecular  size  of  the 
enzyme  in  the  presence  and  absence  of  methylmercuric  bromide.  Calibra¬ 
tion  of  the  sieve  column  was  obtained  by  eluting  eight  different  proteins 
of  known  size  and  shape  from  the  column  with  0.1  M  sodium  pyrophos¬ 
phate  buffer  of  pH  8.5,  f/2  0.9.  The  proteins  were  detected  by  ultra¬ 
violet  light  absorption  at  220  m^  with  a  recording  column  monitor.  On 
the  basis  of  molecular  sieve  data  and  sedimentation  experiments,  a  value 
of  2.7  x  105g  may  be  set  for  the  molecular  weight  of  bovine  liver  gluta¬ 
mate  dehydrogenase  in  the  concentration  range  200  to  0.4  fx g  per  ml. 
Activation  of  the  enzyme  by  methylmercuric  bromide  produced  no  change 
in  the  molecular  size  in  this  concentration  interval.  Enzymatic  assay 
showed  that  the  mercurial  treated  enzyme  remained  fully  activated  after 
passage  through  the  sieve  column.  (Supported  by  NIH  Grants  CY-392, 
RG-8411,  and  CY-3186). 
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NEW  METHOD  OF  ESTIMATING  G.  F.  R.  USING  CO57  LABELLED 

VITAMIN  B12 

M.  Slapak,  W.  E.  Dalton,  H.  M.  Lee  and  D.  M.  Hume 
Department  of  Surgery ,  Medical  College  of  Virginia 

We  have  devised  a  method  of  estimating  glomerular  filtration  rate 
which,  unlike  Inulin  clearance,  does  not  necessitate  continuous  intra¬ 
venous  infusion,  nor  urine  collection.  In  addition,  the  results  are  easily 
determined  and  can  be  made  available  within  an  hour  after  drawing 
the  last  blood  sample. 

METHOD:  Fifteen  minutes  after  a  preloading  dose  of  Vitamin  B12, 
a  dose  of  1-2  microcuries  of  Co^B^  is  administered  intravenously.  Four 
3  ml.  samples  of  blood  are  drawn  at  15  minute  intervals.  Radioactivity 
is  determined  in  a  gamma  scintillator.  G.  F.  R.  is  estimated  by  the  rate 
of  disappearance  of  Co57  from  the  blood.  There  is  a  close  correlation 
between  the  Co57  Vitamin  B12  clearances  and  Inulin  clearances  performed 
on  normal  subjects  and  on  patients  with  renal  disease. 


AN  EFFECT  OF  SOCIAL  INTERACTION  ON  THE  METABOLISM 
OF  BRAIN  BIOGENIC  AMINES 
Annemarie  S.  Welch 

Laboratory  of  Population  Ecology,  College  of  William  and  Mary 

Mice  placed  acutely  into  groups  of  3-10  are  more  susceptible  to  the 
lethal  effects  of  the  CNS  excitatory  agent  d-amphetamine  than  are  mice 
placed  in  isolation.  Grouping  of  laboratory  mice  has  been  shown  to 
cause  an  apparent  adaptive  increase  in  the  content  and  probably  the  re¬ 
lease  of  adrenal  medullary  hormones,  especially  epinephrine.  Since  nu¬ 
merous  studies  have  shown  that  pharmacological  agents  causing  a  release 
of  peripheral  stores  of  epinephrine  cause  a  concomitant  lowering  of  brain 
norepinephrine,  it  was  expected  that  grouped  and  isolated  animals  might 
show  different  rates  of  metabolism  and/or  levels  of  brain  monoamines. 
This  was  found  to  be  the  case  in  white  Swiss  mice  isolated  or  grouped 
for  one  week.  The  grouped  animals  had  significantly  lower  levels  of 
brain  norepinephrine  than  isolated  animals.  Grouped  animals  also  meta¬ 
bolised  brain  stores  of  labeled  dopamine-l-H3  differently  from  isolated 
animals.  Studies  of  the  effects  of  long-term  isolation  and  grouping  on 
brain  monoamines  are  continuing  in  our  laboratory. 
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INVERSE  RELATION  BETWEEN  THE  LEVEL  OF  SOCIAL  STIMU¬ 
LATION  AND  AUTONOMIC  EXCITABILITY 

Bruce  L.  Welch 
College  of  William  and  Mary 

There  is  an  inverse  relationship  between  the  number  of  male  mice 
living  together  and  the  toxic  effect  of  d-amphetamine,  both  as  indicated 
by  number  of  minutes  required  to  die  following  administration  of  lethal 
doses  and  by  percent  survivors.  Within  groups,  socially  subordinate 
mice  are  more  resistant  to  amphetamine  than  socially  dominant  individuals 
in  spite  of  the  fact  that  they  normally  have  smaller  body  weights.  Also, 
the  level  of  blood  glucose  is  elevated  more  by  handling  and  decapitation 
in  mice  that  have  lived  in  isolation  than  in  those  that  have  lived  in  groups, 
and  more  in  dominant  than  in  subordinate  individuals.  These  differ¬ 
ences  are  probably  due:  (1)  To  a  relative  supersensitivity  of  adrenergic 
receptors  in  the  isolated  and  socially  dominant  individuals  and  to  a  rela¬ 
tive  tachyphalyxis  of  these  receptors  in  grouped  and  socially  subordinant 
individuals,  and  (2)  To  different  levels  of  neurological  inhibition  of  sub¬ 
cortical  structures  controlling  central  excitation  and  excitability. 

APPARENT  ADAPTATION  OF  THE  ADRENAL  MEDULLA  TO 
DIFFERENT  SUSTAINED  DEMANDS  FOR  CATECHOLAMINE 

SECRETION 

Bruce  L.  Welch  and  Annemarie  Welch 
College  of  William  and  Mary 

The  adrenal  medulla  appears  to  respond  to  increased  sustained  de¬ 
mands  for  secretion  of  catecholamines  by  increased  synthesis  and  storage 
of  these  hormones.  This  occurs  following  pharmacologically-induced  in¬ 
creases  in  demand  for  the  hormones,  in  the  process  of  cold  adaptation,  and 
under  conditions  which  ostensibly  impose  chronic  high  levels  of  social 
stress. 

PROLONGATION  OF  RENAL  HOMOGRAFT  SURVIVAL  BY  EXTER¬ 
NAL  RADIATION  OF  RENAL  ARTERIAL  BLOOD 

James  S.  Wolf  and  David  M.  Hume 
Department  of  Surgery,  Medical  College  of  Virginia 

Sequential  local  radiation  of  canine  renal  homografts  has  prolonged 
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graft  survival.  Local  graft  irradiation  of  human  renal  homografts  has 
reversed  periods  of  increased  rejection.  Peripheral  lymphocytes  have 
been  shown  to  be  markedly  radiosensitive.  In  order  to  investigate  the 
result  of  destruction  of  circulating  lymphocytes  upon  homograft  survival, 
and  to  elucidate  the  underlying  mechanism  of  local  graft  irrdiation,  a 
study  was  carried  out  in  dogs  with  renal  homografts  placed  in  the  neck. 
The  carotid  atery  was  explanted  to  a  skin  tube,  and  subsequently  anas¬ 
tomosed  to  the  renal  artery.  This  permitted  radiation  of  the  blood  reach¬ 
ing  the  transplant  without  radiation  of  the  kidney  or  remainder  of  the 
dog.  Functional  survival  of  the  graft  was  determined  by  urine  output, 
and  kidney  size  and  consistencv.  Peripheral  white  blood  cell  and  lympho¬ 
cyte  counts  and  morphology  were  also  measured.  Untreated  homografts 
showed  early  graft  swelling  and  anuria  by  day  6.  Animals  receiving 
daily  doses  of  4800  R  showed  no  prolongation.  Grafts  of  animals  treated 
with  7200  R  either  for  the  first  three  days  or  every  other  day  showed 
a  mean  functional  survival  of  13.7  days,  and  showed  a  lymphocytopenia, 
as  well  as  vacuolization  of  lymphocyte  nuclei.  Biopsies  of  these  kidneys 
showed  minimal  infiltrate  in  the  first  7-10  days.  However,  once  graft 
swelling  began,  rejection  proceeded  in  its  normal  temporal  sequence.  It 
is  concluded  that  irradiation  of  peripheral  blood  going  to  the  transplant 
prolongs  homograft  survival  and  a  reduction  of  early  lymphocyte  infiltra¬ 
tion  through  destruction  of  circulating  lymphocytes. 


DETECTION  OF  ARSENIC  IN  TISSUE  BY  NEUTRON  ACTIVATION 

ANALYSIS 

P.  G.  DeLozier,  W.  J.  Crowley  and  T.  G.  Williamson 
University  of  Virginia  Schools  of  Engineering  and  Medicine 


THE  RESPIRATORY  EFFECTS  OF  ANESTHETIC  AGENTS  ON 

BONE  MARROW 

C.  D.  Green  and  C.  A.  DiFazio 
University  of  Virginia  School  of  Medicine 

THE  EFFECTS  OF  ANESTHETIC  AGENTS  ON  CARBOHYDRATE 
METABOLISM  OF  BONE  MARROW 

C.  A.  DiFazio  and  C.  D.  Green 
University  of  Virginia  School  of  Medicine 
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THE  USE  OF  INTRAVENOUS  FAT  EMULSION  TO  MEASURE 
RETICULO— ENDOTHELIAL  FUNCTION 

L.  D.  Hanback  and  M.  S.  Rittenbury 
Department  of  Surgery,  Medical  College  of  Virginia 

THE  PREDICTION  OF  BURN  MORTALITY 

M.  S.  Rittenbury  and  R.  Maddox 
Medical  College  of  Virginia 

THE  INFLUENCE  OF  CATACHOLAMINES  AND  ADRENERGIC 
BLOCKERS  ON  ION  TRANSPORT  IN  FROG  SKIN 

C.  O.  Watlington 
Medical  College  of  Virginia 
Section  of  Microbiology 
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WILD  TYPE  RECOMBINANTS  OF  ESCHERICHIA  COLI 

R.  M.  Cribbs 

Department  of  Biology  and  Genetics,  Medical  College  of  Virginia 

Reciprocal  transductions,  utilizing  bacteriophage  PI  bt,  between  L- 
arabinose  negative  ( ara )  mutants  of  E.  coli  indicate  ara-\-leu-{-  (leu+ 
=  leucine  independence)  recombinants  requiring  a  double  crossover  occur 
20  to  30  per  cent  more  frequently  than  those  requiring  a  quadruple 
crossover.  Reciprocal  crosses  between  certain  ara  mutants,  however, 
indicate  ara-\-  leu-\-  recombinants  requiring  a  double  crossover  occur 
with  the  same  frequency  as  those  requiring  a  quadruple  crossover.  To 
explain  these  aberrant  results,  physiological  and  genetic  tests  have  been 
carried  out  with  the  ara-\-  recombinants  from  these  mutant  strains.  Pre¬ 
liminary  evidence  indicates  that  most  of  the  ara+  recombinants  contain 
both  wild  type  sites,  as  would  be  expected.  A  few  of  the  phenotypically 
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wild  type  recombinants  however,  appear  to  contain  both  ara  sites,  and 
are  capable  of  utilizing  L-arabinose.  The  presence  of  these  “false”  wild 
type  recombinants  would  tend  to  lower  the  observed  frequency  of  recom¬ 
binants  resulting  from  a  double  crossover  event  and  increase  those  pre¬ 
sumably  due  to  a  quadruple  crossover  this  would  account  for  the  observed 
results. 


SOME  OBSERVATIONS  ON  THE  BEHAVIOR  OF  VACCINIA  VIRUS 
PARTICLES  WITH  ANTISERUM 
G.  J.  Galasso  and  D.  G.  Sharp 

Department  of  Microbiology ,  University  of  Virginia,  Charlottesville,  and 
Department  of  Bacteriology,  University  of  North  Carolina,  Chapel  Hill 

Antibody  absorption  by  vaccinia  virus  of  different  quality  and  the 
amount  of  aggregation  of  the  virus  by  antiserum  have  been  examined. 
Virus  quality  may  be  defined  as  the  number  of  virus  particles  (vp),  as 
counted  by  electron  microscopy,  per  plaque  forming  unit  (pfu).  Con¬ 
tinuous  passage  in  Earle’s  L-cells  improved  the  quality  of  this  virus  1,000 
fold;  after  100  passages  this  virus  LV  became  fixed  at  5  to  20  vp/pfu. 
A  method  was  devised  to  compare  the  relative  antibody  absorption  of  the 
virus  passed  10  times  EV  vs.  the  LV.  When  results  were  read  as  the 
number  of  pfu  necessary  to  achieve  a  particular  degree  of  absorption 
the  EV  appeared  to  be  more  efficient.  When  read  as  the  number  of 
actual  vp  necessary  to  reach  this  degree  of  absorption,  there  was  very 
little  difference  between  the  EV  and  LV.  The  relative  strength  of  an 
antiserum  can  be  readily  determined  by  its  ability  to  aggregate  dispersed 
virus.  The  degree  of  aggregation  vs.  dilution  correlated  well  with  the 
degree  of  neutralization  (pfu)  vs.  dilution.  It  was  further  observed  that, 
where  more  concentrated  antiserum  was  used,  a  cloudy  deposit  appeared 
about  the  aggregates  which  could  be  a  deposit  of  antibody. 


GROWTH  DYNAMICS  OF  SACCHAROMYCES  CEREVISIAE 

J.  W.  Gilley,  H.  R.  Bungay  3rd,  and  N.  R.  Krieg 
Departments  of  Civil  Engineering  and  Biology 
Virginia  Polytechnic  Institute 

The  yeast  S.  cerevisiae  has  been  studied  in  detail  because  its  size 
makes  it  well  suited  for  experiments  in  mixed  culture  interactions.  The 
independent  behavior  of  the  yeast  was  elucidated  so  that  mixed  cultures 
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could  be  better  understood.  Steady-state  continuous  pure  cultures  were 
upset  by  an  abrupt  change  in  dilution  rate,  medium  concentration,  or 
temperature,  and  the  population  readjustments  were  followed  until  a  new 
steady  state  was  established.  Increasing  the  pumping  rate  gave  an  initial 
rise  in  numbers  then  a  decline  to  a  lower  steady  state.  This  initial  rise 
must  come  from  a  very  rapid  Increase  in  growth  rate,  and  the  factors  influ¬ 
encing  this  were  explored.  The  growth  rate  in  each  of  these  environ¬ 
mental  changes  varied  as  periodic  decaying  oscillations.  The  oscillations 
were  similar  to  the  cyclic  oscillations  of  DPNH  of  reduced  pyridine  nucleo¬ 
tide  reported  by  Chance. 


INFLUENCE  OF  METAL  AND  PLASTIC  CAPS  ON  EFFECTIVENESS 
ON  AUTOCLAVING  INTERIOR  OF  TEST  TUBES 
Id.  T.  Knighton 

Departments  of  Microbiology  and  Dental  Research ,  Medical  College  of 

Virginia 

Experiments  were  designed  to  test  effects  of  autoclaving  on  Bacillus 
stearothermophilus  and  B.  globigii  spores.  Dehydrated  strips  containing 
spores  were  placed  in  20  x  150  and  16  x  125  mm.  tubes  and  covered  by 
standard  metal,  plastic,  screw  top  or  cotton  plug.  Controls  included 
strips  in  open  petri  dishes  and  screw  top  tubes  containing  broth.  A  pre¬ 
heated  autoclave  at  122°  C  and  timed  at  intervals  of  5  minutes  was  used. 
The  strips  were  aseptically  cultured  in  nutrient  broth  at  37°  C  for  B.  globigii 
and  55°  C  for  B.  stearothermophilus.  All  spores  on  dehydrated  strips 
survived  30  minutes  under  screw  tops.  In  open  petri  dishes  and  in 
tubes  containing  broth  B.  globigii  spores  were  killed  within  5  minutes  and 
B.  stearothermophilus  between  5  and  10  minutes.  B.  globigii  spores  were 
killed  between  20  and  25  minutes  in  tubes  with  metal  and  plastic  tops 
and  B.  stearothermophilus  between  25  and  30  minutes.  When  cotton 
plugs  were  used  B.  globigii  spores  were  killed  between  5  and  10  minutes 
and  B .  stearothermophilus  between  15  and  20  minutes.  B.  globigii  tests 
repeated  with  tubes  in  horizontal  position  showed  no  change,  if  metal 
or  plastic  tops  were  used.  With  cotton  plugs  in  150  and  125  mm  tubes 
the  spores  were  killed  within  10  and  5  minutes  respectively. 
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GROWTH  REQUIREMENTS  OF  STRAINS  OF 
ENTAMOEBA  HISTOLYTICA 

E.  Clifford  Nelson  and  Muriel  M.  Jones 
Medical  College  of  Virginia 

In  the  initial  phase  of  developing  procedures  for  the  application  of 
the  C02-bicarbonate  buffer  system  to  the  cultivation  of  E.  histolytica , 
Hank’s  balanced  salt  solution  (BSS)  was  adopted.  This  solution  has  prov¬ 
en  eminently  satisfactory  for  routine  isolation  and  maintenance  of  strains. 
Application  to  the  cultural  characterization  and  differentiation  of  strains 
showed  that  strains  which  can  grow  at  room  temperature  will  encyst  in 
response  to  progressive  change  in  cultures.  Subsequent  studies  on  strains 
requiring  temperatures  approaching  37°  C  for  growth  indicate  these  strains 
require  additional  manipulation  of  the  environment.  Some  progress  has 
been  made  in  tests  designed  to  duplicate  known  features  of  the  intestinal 
environment  with  particular  reference  to  phosphate  and  potassium.  (Sup¬ 
ported  by  USPHS  Grant  AI-03826.) 


RABBIT  FIBROMA  VIRUS  IN  VITRO  STUDIES 
John  E.  Verna 

Melpar ,  Incorporated ,  Falls  Church,  Virginia 

The  responses  of  several  primary  and  established  rabbit  cell  culture 
lines  to  infection  by  Shope’s  rabbit  fibroma  virus  (Patuxent  strain)  were 
described.  Three  apparently  distinct  types  of  cytopathogenic  effect  (CPE) 
resulted  with  three  cell  lines.  The  foci  of  CPE  appeared  on  the  4th  or 
5th  day  after  inoculation.  The  type  of  cytopathology  resulting  was  related 
to  the  cell  line  used  and  was  independent  of  the  history  of  virus  passage. 
The  possible  proliferative  response  of  the  Minnesota  RbK  cell  line  to  the 
virus  was  investigated.  Growth  curves  were  performed  on  cultures  which 
were  infected  with  fibroma  virus.  A  comparison  of  the  total  number  of 
infected  and  uninfected  cells  per  culture  indicated  that  four  days  after 
inoculation  the  number  of  cells  in  the  population  started  to  decrease.  In¬ 
fected  cells  became  detached  from  the  glass  but  were  incorporated  in  the 
total  cell  count.  Feeding  the  cultures  every  other  day  did  not  alter  the 
shape  of  the  curve.  The  absence  of  detectable  mitotic  figures  and  the 
failure  to  cultivate  the  infected  cells  lend  further  support  to  the  tentative 
conclusion  that  infected  cells  do  not  proliferate  in  response  to  fibroma 
virus  infection.  Preliminary  observations  of  infected  cells  by  time  lapse 
cinematography  further  confirm  this  conclusion. 
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SOME  PROBLEMS  IN  THE  ISOLATION  OF 
LISTERIA  MONOCYTOGENES 


H.  J.  Welshimer 
Medical  College  of  Virginia 

The  initial  cultivation  of  Listeria  monocytogenes  from  natural  sources 
is  difficult  unless  the  organism  is  present  in  large  numbers.  The  marked 
susceptibility  of  the  sagebrush  vole,  Lagurus  curtatus,  to  infection  with 
very  small  numbers  of  Listeria  monocytogenes  suggest  the  possible  use  of 
this  animal  for  primary  isolation  when  the  organism  cannot  be  demonstrat¬ 
ed  by  conventional  methods. 


EFFECTS  OF  A  POSSIBLE  ONCOGENIC  VIRUS  (ADENOVIRUS 
TYPE  12)  AND  A  STRAIN  OF  ADENOVIRUS  TYPE  3  UPON 
LACTATE  DEHYDROGENASE  IN  TISSUE  CULTURE 
Carylin  William 

Department  of  Microbiology,  Medical  College  of  Virginia 

A  preliminary  investigation  of  the  effects  of  adenovirus  type  12  strain 
Huie  (a  possible  oncogenic  virus)  upon  lactate  dehydrogenase  in  cynomo- 
gus-monkey  kidney  cells  in  tissue  culture  was  performed  by  Latner  et  al. 
who  found  that  cultures  inoculated  with  the  virus  showed  a  significant 
increase  in  total  LDH  content  and  produced  an  LDH  isoenzyme  distribu¬ 
tion  pattern  like  that  seen  in  malignant  cell  cultures,  that  is,  a  uniform 
pattern  characterized  by  a  preponderance  of  those  isoenzymes  which  moved 
more  slowly  when  subjected  to  electrophoresis  at  pH  8.6.  An  investiga¬ 
tion  was  undertaken  to  compare  the  effects  of  adenovirus  type  12  with 
adenovirus  type  3  strain  35V  on  LDH  production  in  African  green  monkey 
kidney  cells  in  tissue  culture.  LDH  isoenzymes  were  separated  and  stain¬ 
ed  using  a  modification  of  the  method  of  Barnett.  A  significant  increase 
in  total  LDH  content  was  observed  in  the  tissue  cultures  inoculated  with 
adenovirus  type  12  as  well  as  those  inoculated  with  adenovirus  type  3 
strain  35V  when  compared  with  total  LDH  content  in  the  control  tissue 
cultures.  The  LDH  isoenzyme  pattern  was  similar  in  both  the  virus- 
inoculated  and  control  tissue  cultures. 
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SECTION  OF  PSYCHOLOGY 

E.  R.  Harcum,  Chairman  L.  E.  Jarrard,  Secretary 
W.  H.  Leftwich,  Section  Editor 

A  SCIENTIST’S  VIEWS  ON  AUTHENTICATED  MIRACLES 

J.  A.  Blake 

Richmond  Professional  Institute 

The  scientific  criteria  which  designate  a  phenomenon  as  a  “miracle” 
(or  mystery)  are  briefly  discussed;  and  the  relationships  between  probabil 
ity  and  possibility  are  discussed.  It  is  further  shown  that,  whereas  in 
the  days  of  Leonardo  da  Vinci  hardly  any  natural  laws  were  clearly 
understood  and  even  very  few  were  known,  today  such  laws  are  far  too 
numerous  for  any  one  scientist  to  know.  Correspondingly,  whereas,  in 
that  earlier  time  the  world  was  filled  with  mysteries,  today  many  of  them 
have  been  clearly  explained  by  natural  laws  which  have  come  into  man’s 
intellectual  “vision.”  However,  despite  the  vastly  increasing  laws,  there 
are  still  innumerable  mysteries.  Most  of  these  will  eventually  be  explain¬ 
ed  as  new  laws  appear.  It  is  further  shown  how,  despite  man’s  compre¬ 
hension  of  the  modus  operandi  of  an  explained  mystery,  there  are  two 
very  definite  sets  of  obstacles,  or  barriers,  which  prevent  mere  man  from 
performing  a  so-called  miracle.  If,  therefore,  a  miracle  is  brought  about, 
even  though  by  natural  law  yet  undiscovered,  it  is  found  that  even  religi¬ 
ously-inclined  scientists  have  often  attributed  it  to  divine  causation.  In 
such  cases  there  are  two  main  questions  asked:  the  layman  asks  the  Why 
type  question,  regarding  the  mystery,  whereas  the  scientist  is  much  more 
interested  in  the  How  type;  and  it  is  shown  that  the  former  is  both  futile 
and  senseless,  whereas  the  latter  is  reasonable,  natural,  and  to  be  expect¬ 
ed  of  man  with  his  God-given  intelligence. 


THE  FORMATION  OF  LEARNING  SETS  BY  RODENTS 

Elliott  M.  Blass 
University  of  Virginia 

In  order  to  evaluate  the  ability  of  rodents  to  form  learning  sets, 
four,  adult,  male,  experimentally  naive  Mongolian  gerbils  were  tested  in 
a  modified  Wisconsin  General  Test  Apparatus.  There  was  a  total  of 
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1.800,  six  trial  problems.  The  results  show  that  gerbil  learning  set 
formation  was  superior  to  those  of  rats  and  squirrels  that  were  tested 
using  the  same  apparatus  and  procedure.  The  inferior  performance  of 
rats  and  squirrels  was  attributed  to  their  inability  to  liberate  themselves 
from  the  position  preference  ‘"hypothesis”. 


THE  EFFECT  OF  ISOLATION  IN  CONTINUOUS  PRESENTATION 

SERIAL  LEARNING 

Edwin  W.  Coppage 
The  College  of  William  and  Mary 

The  present  experiment  tests  the  hypothesis  that  in  serial  learning 
by  the  anticipation  method  with  continuous  presentation,  Ss  will  select 
an  isolated  item  as  an  “anchor  point”  about  which  to  organize  their  learn¬ 
ing.  Thus,  a  characteristic  serial-position  curve  will  be  obtained  if  the 
isolated  item  is  plotted  as  though  it  appeared  temporally  first.  Forty  Ss, 
randomly  assigned,  learned  the  same  list  of  10  CVC  trigrams  under  five 
corresponding  experimental  and  control  presentations  obtained  by  rotating 
list  items  through  every  other  serial  position.  The  isolated  item,  typed 
in  red,  appeared  at  a  different  odd-numbered  position  in  each  of  the 
five  experimental  presentation  conditions.  A  criterion  of  20  successive 
correct  responses  was  employed.  Serial-position  curves  were  obtained 
for  all  control  conditions.  When  the  isolated  item  appeared  at  Positions 
1.  3,  and  9  in  the  experimental  presentations,  characteristic  serial-posi¬ 
tion  curves  were  obtained  by  plotting  the  isolated  item  at  Position  1. 
Serial-position  curves  ploted  temporally  were  more  characteristic  in  form 
when  the  isolated  item  occurred  at  Position  5  or  7.  The  results  were 
interpreted  in  terms  of  S’s  strategy  in  approaching  the  task. 


INTERFERENCE  BY  RESPONSE  AND  HYPOTHESIS  IN  THE 
ACQUISITION  OF  BINARY  SEQUENCES 

Peter  L.  Derks,  Joyce  L.  House,  and  Roger  M.  Tarpy 
The  College  of  William  and  Mary 

Binary  sequences  were  learned  by  subjects  who  either  began  to  predict 
the  events  from  the  outset  or  who  observed  for  periods  that  were  either 
compatable  or  incompatable  with  the  sequence  length.  Observation  peri¬ 
ods  facilitated  acquisition  even  when  they  did  not  match  sequence  length. 
Observation  periods  compatable  with  sequence  length  facilitated  acquisi- 
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tion  more  than  incompa table  sequences.  Further  research  has  suggested 
that  anything  a  subject  does  during  the  initial  stage  of  binary  sequence 
acquisition,  even  making  responses  that  are  redundant  with  the  stimulus 
pattern,  interferes  with  acquisition.  These  results  suggest  that  hypo¬ 
thesis  testing  rather  than  information  processing  is  aided  by  the  observa¬ 
tion  period. 


PAIRED-ASSOCIATE  LEARNING  AS  A  FUNCTION  OF  MEANING¬ 
FULNESS  AND  METHOD  OF  PRESENTATION 

David  G.  Elmes  and  Eugene  A.  Lovelace 
University  of  Virginia 

In  a  2  x  2  factorial  design,  64  Ss  learned  either  high  or  low  mean¬ 
ingful  (M)  stimuli  and  responses  under  either  the  anticipation  method 
or  the  recall  method  of  paired-associate  learning.  Presentation  method 
interacted  significantly  with  M  such  that  for  the  low  M  condition  more 
correct  responses  were  made  under  the  recall  method;  whereas,  more 
correct  responses  were  made  under  the  anticipation  procdure  when  the 
high  M  items  were  learned. 

RESISTANCE  TO  EXTINCTION  AS  A  FUNCTION  OF 

ALTERNATE  VERSUS  DIFFERENTIAL  REINFORCEMENT 

William  M.  Ewald 
College  of  William  and  Mary 

Four  groups  of  8  rats  each  were  trained  to  traverse  a  straight 
four  foot  runway  for  a  food  reward.  On  the  first  day  of  training,  each 
S  received  5  reinforced  runs  to  a  specifically  colored  goal  box.  Over  a 
period  of  four  more  days,  one  group  (AR)  received  14  alternating  non- 
reinforced  trials  to  the  same  goal  box  as  used  on  the  total  25  reinforced 
trials.  A  second  group  (DR)  received  the  same  amount  of  training,  but 
a  discriminably  different  box  from  the  reinforced  box  was  used  on  the 
non-reinforced  runs.  The  last  two  groups,  which  served  as  controls,  were 
reinforced  on  every  trial  throughout  the  training  period.  One  group 
(CR)  received  a  total  of  25  reinforced  trials  while  the  other  group  (C) 
received  14  additional  reinforcements  in  the  box  used  on  the  non-rein¬ 
forced  trials  for  Group  DR.  Following  the  last  day  of  training,  all  Ss 
were  extinguished  with  the  previously  reinforced  goal  box.  (Group  C 
was  extinguished  with  the  more  frequently  rewarded  box.)  The  criterion 
for  extinction  was  two  trials  in  which  the  S  failed  to  enter  the  box  within 
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a  2  minute  period.  Group  AR  proved  to  be  the  most  resistant  to  extinc¬ 
tion,  requiring  significantly  moie  trials  to  reach  criterion  as  each  of  the 
remaining  groups.  In  addition,  there  were  no  significant  differences 
among  the  last  three  groups.  These  results  were  interpreted  as  support¬ 
ing  the  discrimination  hypothesis  first  proposed  by  Mowrer  and  Jones. 
(1945). 

DURABILITY  OF  A  RESPONSE  ACQUIRED  UNDER  CONDITIONS 
OF  CONCURRENT  POSITIVE  REINFORCEMENT  AND 
PUNISHMENT 

Daniel  Fallon 
University  of  Virginia 

Punishment  was  used  as  a  technique  to  evaluate  some  recent  con¬ 
ceptualizations  of  resistance  to  extinction  which  have  emphasized  the  role 
of  emotional  responses.  Four  groups  of  16  Sprague-Dawley  rats  were 
trained  to  press  a  lever  which  produced  a  dilute  saccharin  solution  on  a 
50%  partial  reinforcement  schedule.  One  group  of  S s  was  shocked  when 
licking  a  wet  cup  (Shock  Reinforce),  another  when  Peking  a  dry  cup 
(Shock  Nonreinforce)  and  a  third  equally  often  on  half  of  the  reinforced 
and  half  of  the  nonreinforced  trials  (Shock  Half  Each).  The  fourth 
group  was  never  shocked  and  served  as  a  control.  During  regular  extinc¬ 
tion,  without  saccharin  or  shock,  the  Shock  Half  Each  group  showed 
high  resistance  to  extinction.  During  punishment  extinction,  without 
saccharin  but  with  shock,  the  Shock  Nonreinforce  and  Shock  Half  Each 
groups  showed  high  resistance  to  extinction.  It  was  concluded  that  asso¬ 
ciative  factors  play  a  dominant  role  in  determining  response  durability. 


HORIZONTAL  TILT  THRESHOLDS  IN  AWAKING 

C.  B.  Fleet,  Jr.  and  T.  J.  Lennon 
Virginia  Military  Institute 

The  authors  used  twenty  naive  subjects  to  determine  the  horizontal 
thresholds  at  which  the  subjects  determined  a  slight  change  in  their  body 
position.  They  were  tested  in  both  the  back  and  stomach  positions  and 
were  blindfolded  to  block  the  source  of  the  light.  No  information  was 
given  to  the  subjects  which  would  familiarize  them  with  the  capabilities 
of  the  bed  used  and  the  subjects  were  instructed  to  talk  freely  and  men¬ 
tion  any  change  that  they  perceived. 
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From  the  results  of  the  study,  it  was  determined  that  the  equilibrium 
system  of  the  semicircular  canals  was  functional  in  determining  move¬ 
ment  when  the  bed  was  tilted  to  the  right  or  to  the  left  and  that  the 
kinesthetic  system  was  functional  in  differentiating  movement  when  only 
the  lower  part  of  the  bed  was  raised.  It  was  further  shown  that  there 
was  no  difference  in  the  sensitivity  of  the  average  right-handed  person 
and  the  average  left-handed  person.  Sight  was  very  significant  in  deter¬ 
mining  a  minor  change  in  position,  but  hearing  had  no  role  in  determin¬ 
ing  small  changes.  People  who  had  foreknowledge  of  the  potentialities 
of  the  bed  determined  a  change  in  their  position  more  rapidly  than  peo¬ 
ple  who  had  no  knowledge  of  the  bed.  Finally,  a  state  of  suspension 
which  created  in  the  subjects  a  floating  sensation  was  noted  by  a  signif¬ 
icant  number  of  subjects.  No  explanation  may  be  made  for  this. 

PARTIAL  REINFORCEMENT  AND  RESISTANCE  TO 
EXTINCTION  IN  THE  OPOSSUM 

Herbert  Friedman 
College  of  William  and  Mary 

Numerous  studies  have  shown  that  partial  reinforcement  leads  to 
greater  resistance  to  extinction  in  the  rat  and  higher  mammals.  This 
effect  does  not  appear  in  fish  but  probably  is  found  in  turtles.  The  Vir¬ 
ginia  opossum  (a  marsupial),  in  many  respects,  is  intermediate  between 
reptiles  and  placental  mammals.  Two  groups  of  5  tame  opossums  were 
trained  in  a  straight  runway  using  a  large  food  reward  with  10  trials  a 
day  for  4  days.  One  group  (C)  was  reinforced  on  all  trials  while  the 
other  group  (P)  was  reinforced  on  one-half  of  the  trials.  The  next  day 
30  consecutive  unreinforced  extinction  trials  were  given.  During  train¬ 
ing,  group  (P)  ran  slightly  but  consistently  faster.  During  extinction 
group  (C)  slowed  very  quickly  and  group  (P)  was  markedly  faster.  Two 
groups  of  5  rats  each  were  Rained  in  nearly  identical  fashion  and  showed 
a  similar  difference  with  group  (P)  running  more  quickly  in  extinction. 
It  is  concluded  that  partial  reinforcement  leads  to  greater  resistance  to 
extinction  in  the  opossum  as  it  does  with  other  mammals. 

WHEEL  RUNNING  PERIODICITIES  ON  A-DIURNAL  LIGHT 

SCHEDULES 

Milton  L.  Goff 

University  of  Virginia 

A-diumal  light-dark  changes  usually  induce  synchronized  activity 
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patterns  on  the  rodent  level  only  within  a  narrow  range  around  the  nor¬ 
mal  24-hr.  period.  However,  schedules  from  16-hr.  “days”  (8  hr.  light; 
8  hr.  dark)  up  to  48-hr.  “days”  (24  hr.  light;  24  hr.  dark)  were  found 
often  to  synchronize  rat  running-wheel  activity,  even  with  naive  animals 
suddenly  introduced  to  such  severely  a-diurnal  ‘‘days”.  During  inter¬ 
posed  continuous  dark  tests,  24-hr.  periodicity  appeared.  When  the 
light  condition  of  the  36-hr.  “day”  was  reduced  from  60  to  3  footcandles, 
most  animals  on  a  36-hr.  running  rhythm  immediately  reverted  to  a  24-hr. 
periodicity.  Thus,  the  critical  factor  appears  to  be  illumination  level. 


LEADERSHIP  AS  A  FUNCTION  OF  THE  TASK  SITUATION  AND 
THE  LEADER’S  SOCIAL  DISTANCE 

George  S.  Goldstein 
University  of  Richmond 

Fiedler  and  others  have  found  that  different  group  situations  require 
different  leadership  styles.  Progress  in  predicting  group  effectiveness 
thus  seems  to  require  a  meaningful  system  for  classifying  groups  in  terms 
of  relevant  situational  factors.  According  to  Fiedler’s  studies  a  “socially 
distant”  leader  will  be  more  effective  on  a  highly  structured  task,  while 
a  “socially  close“  leader  will  be  more  effective  in  an  unstructured  situa¬ 
tional  context.  The  method  of  measuring  “social  distance”  was  the  Fied¬ 
ler  ASo  (Assumed  Similarity  of  opposits)  scale.  In  previous  studies  the 
leaders  were  either  appointed  at  the  time  of  the  task  or  appointed  or 
elected  sometime  previous  to  the  task  situation.  The  question  remains 
whether  or  not  these  findings  will  hold  for  emergent  leaders  as  well.  Eight 
5  member  groups  were  used  in  this  study.  Each  member  was  given 
the  ASo  scale  and  each  group  was  required  to  perform  a  structured  and 
unstructured  task.  The  dependent  variable  was  a  reaction  questionnaire 
administered  after  each  task.  The  results  indicated  that  group  mem¬ 
bers  did  perceive  a  change  in  the  situational  context  and  atmosphere  as 
reflected  in  their  reaction  questionnaire  response.  The  results  failed  to 
show,  however,  a  relationship  between  the  leader’s  social  distance  and 
type  of  task.  A  probable  reason  for  this  lack  of  relationship  was  the 
“carry-over”  effect  from  one  task  to  another.  A  current  study  is  under¬ 
way  that  will  cycle  the  tasks  over  a  2-4  week  period. 
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THE  EFFECTS  OF  SENSORY  DEPRIVATION  ON  RECALL 

C.  L.  Hall  and  D.  A.  Stephens 
Virginia  Military  Institute 

The  purpose  of  this  study  was  to  correlate  the  effects  of  sensory 
deprivation  on  the  total  recall  of  small  sets  of  memorized  information. 
Forty  male  students  at  the  Virginia  Military  Institute  were  individually 
given  material  to  memorize  which  consisted  of  unordered  letters,  num¬ 
bers,  and  schematic  drawings.  The  S’s  were  then  placed  in  the  isolation 
apparatus  for  periods  from  one  to  three  hours.  Because  of  the  nature  of 
the  equipment,  a  large,  closed  water  tank  with  regulated  environmental 
conditions,  they  received  a  minimum  of  external  stimuli.  The  post-test¬ 
ing  procedure  consisted  of  standard  questionnaires  dealing  with  physiologi¬ 
cal  and  emotional  reactions  caused  by  the  experiment.  Tests  were  also 
given  to  determine  the  effect  of  the  experiment  on  recall  ability. 

The  study  indicated  that  a  stressful  situation  in  which  normal  sensory 
impressions  are  greatly  reduced  will  negatively  effect  the  ability  for 
recall  of  illogical  information.  In  addition,  by  means  of  the  Edwards 
Personal  Preference  Schedule,  correlations  can  be  made  between 
certain  personality  traits  and  relative  success  in  this  type  of  memo¬ 
rization.  Those  S’s  with  high  scores  on  affiliation,  for  example,  were 
most  effected  by  the  general  experiment.  Other  scores  on  the  Edwards 
test  correlated  to  a  lesser  degree  with  time  estimation  and  physiological 
reactions. 


AN  ANALYSIS  OF  EXTREME  RESPONSE  SET  AS  RELATED  TO 

PERSONALITY 

David  L.  Hamilton 
University  of  Richinond 

A  review  of  the  literature  dealing  with  extreme  response  set  indi¬ 
cated  that  this  response  style  is  most  likely  indicative  of  some  stable 
personality  characteristics.  The  purpose  of  this  study  was  to  explore 
further  the  nature  of  the  extreme  response  style  and  to  attempt  to  deter¬ 
mine  its  relationship  to  personality  variables.  Two  measures  of  extreme 
response  set  and  two  personality  inventories  were  administered  to  male 
and  female  college  students.  Relationships  between  extreme  response 
set  measures  and  between  these  measures  and  the  personality  variables 
were  determined.  There  was  a  significant  positive  correlation  between 
the  two  measures  of  extreme  response  set.  This  was  a  demonstra¬ 
tion  of  the  generality  of  this  response  style.  On  both  measures  of  re- 
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sponse  set,  females  made  significantly  more  extreme  responses  than  males. 
Extreme  response  set  was  not  found  to  correlate  consistently  with  the 
personality  variables  assessed  in  this  study.  It  was  concluded  that  extreme 
set  is  a  stable  characteristic  of  certain  responders,  but  that  this  response 
tendency  is  probably  not  related  to  affective  or  behavioral  variables. 
The  possibility  that  extreme  response  style  is  indicative  of  certain  char¬ 
acteristic  cognitive  processes  was  discussed,  and  tentative  evidence  sup¬ 
porting  such  a  position  was  presented. 


A  COMPARISON  OF  CONTENT  RESPONDERS  AND  RESPONSE 
SET  RESPONDERS  ON  MEASURE  OF  ABILITY,  PERSONALITY 
AND  TEST-TAKING  ATTITUDES 
D.  T.  Hess 

University  of  Richmond 

An  investigation  was  conducted  in  order  to  assess  some  of  the  dif¬ 
ferences  between  groups  which  respond  on  the  basis  of  content  or  response 
set  when  given  the  modified  California  F  Scale.  The  differences  were 
assessed  in  terms  of  the  subjects’  intellectual  level,  general  personality, 
and  test  taking  motivation.  Assessment  was  made  by  the  way  of  seven¬ 
teen  different  measures  derived  from  six  tests.  These  tests  tended  to  be 
less  subject  to  verbal  sets  than  some  of  the  more  traditional  methods 
used  in  this  area.  There  were  no  significant  differences  among  the  groups 
in  terms  of  intellectual  ability  or  motivation  towards  test  taking.  There 
were  seven  significant  differences  in  the  area  of  personality,  four  of 
which  were  sex  by  response  group  differences.  The  results  were  dis¬ 
cussed  in  terms  of  a  differential  pattern  between  the  content  and  response 
set  groups  when  viewed  in  terms  of  sex.  The  female  content  group 
appeared  to  be  more  reality  oriented  and  seemed  to  follow  directions 
more  carefully  than  did  the  female  response  set  group;  while  the  female 
response  set  group  appeared  to  be  over-cautious  and  have  some  fear  of 
criticism.  The  male  response  set  group  appeared  to  be  less  cautious 
and  more  reality  oriented  than  the  female  response  set  group. 


CUTANEOUS  PATTERN  PERCEPTION 

Charles  C.  Hodge 
The  University  of  Virginia 

Four  Ss  in  a  knowledge  of  results  group  and  four  Ss  in  a  no-knowl¬ 
edge  of  results  group  were  presented  with  100  binary  paterns  on  each 
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of  10  days.  The  binary  patterns  used  were  the  200  in  which  two  digits 
are  stimulated  on  one  hand  and  three  on  the  other.  The  patterns,  which 
were  presented  for  200  msec.,  were  formed  by  electrically  stimulating 
half  of  the  digits  of  the  hands  on  each  trial.  Three  experimental  ques¬ 
tions  were  asked.  First,  does  performance  improve  if  Ss  are  given  knowl¬ 
edge  of  results?  Second,  does  performance  improve  with  practice?  Third, 
are  there  left-right  differences  in  performance?  The  results  indicate  that 
knowledge  of  results  produces  a  small  but  significant  decrement  in  errors, 
and  that  practice  also  produces  a  significant  decrement  in  errors.  In 
addition,  although  there  were  significantly  fewer  errors  on  the  left  hand 
for  the  knowledge  of  results  group,  there  were  no  such  differences  for 
the  no-knowledge  of  results  group. 


EFFECTS  OF  SENSORY  REDUCTION  ON  MEASURES  OF  RODY 
IMAGE  AND  PERCEPTUAL  ORIENTATION 

George  R.  Jacobson 
College  of  William  and  Mary 

On  the  basis  of  similarities  between  descriptions  of,  and  behavioral 
parameters  common  to,  definiteness  of  body  image  boundaries  and  field 
independence,  a  positive  relationship  was  hypothesized.  Consistent  reports 
of  increased  body  awareness  following  sensory  deprivation  (SD  led  to 
teh  hypotheses  that  body  image  definiteness  and  field  independence 
would  both  increase  following  one  hour  of  modified  SD.  Holtzman  ink¬ 
blot  test  (HIT),  Embedded  Figures  Test  (EFT),  and  Rod  and  Frame 
Test  (RFT)  were  measures  of  definiteness  of  body  boundaries  and  field 
independence,  respectively;  HIT  and  RFT  were  administered  as  pre- 
and  post-SD  measures,  EFT  was  administered  as  pre-SD  test  only.  Females 
had  a  greater  number  of  body  image  responses  (Br  score  than  males 
(p  <  .02)  greater  RFT  error  (p<.01),  and  EFT  scores  equivalent  to 
those  of  males.  Br — EFT  correlation  for  females  (r  =  .25,  p  <  .05  sup¬ 
ports  the  hypothesized  body  image  —  field  independence  hypothesis, 
while  correlations  for  males  were  nonsignificant  in  the  predicted  direc¬ 
tions.  Br — RFT  correlation  for  high  Br  females  (r  =  .68,  p  <  .05) 
also  supports  the  hypothesis,  and  the  remaining  correlations  were  in  the 
predicted  direction.  The  effect  of  sex  as  a  moderator  variable  is  strongly 
suggested.  Analysis  of  covariance  on  Br  scores  showed  Br,  sex,  and  all 
interactions  thereof  to  be  highly  significant,  but  the  post-treatment  changes 
in  Br  are  attributed  to  statistical  regression.  Significan  decreases  in  post- 
treatment  RFT  scores  (p  <  .01)  support  Hypothesis  III. 
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PRESENTATION  FACTORS  AS  CRITICAL  VARIABLES  IN 
LEARNING  BY  PROGRAM,  GUIDE,  AND  SELF  STUDY 

C.  H.  Jennings 
University  of  Richmond 

Forty-eight  male  sophomore  college  students,  with  no  pre-knowledge 
of  checking  accounts  (easy  material)  or  symbolic  logic  (difficult  mate¬ 
rial),  were  divided  into  twelve  equal  groups,  matched  for  verbal  ability. 
Initial  learning,  efficiency,  retention,  and  relearning  measures  were  taken 
across  programed,  study  guide,  and  self  study  presentations  of  easy  and 
difficult  material.  Content,  order,  and  minimal  cuing  were  held  con¬ 
stant  across  the  three  presentations.  On  post  tests  twenty  points  were 
asigned  to  rote  memory  (completion  items  and  definitions)  and  twenty 
points  to  applied  knowledge  (problem  solving  and  examples).  The  pri¬ 
mary  hypothesis  tested  was  that  attention  to  material  presentation  is  the 
primary  factor  distinguishing  programing  from  the  “usual”  or  “conven¬ 
tional”  teaching  methods  when  presented  materials  selected  and  organized 
as  well  as  those  of  effective  programs  and  provided  with  cuing 
sufficient  to  give  general  orientation  to  study,  students  were  expected 
to  achieve  significant  increases  in  performance  equivalent  to  those  gained 
through  programed  instruction.  No  differences  were  found  with  respect 
to  initial  learning,  retention,  and  relearning  at  the  .05  level  of  confidence. 
Programing  was  found  to  be  inferior  to  the  other  two  methods  of  presen¬ 
tation  at  the  .01  level  of  confidence  in  terms  of  efficiency.  These  results 
were  interpreted  as  support  for  the  hypothesis.  Two  alternative  explana¬ 
tions  were  discussed. 


DEVIANT  RESPONSES  IN  DELINQUENTS 

Franklin  P.  Knill,  Jr. 

Universtiy  of  Richmond 

Previous  studies  utilizing  the  PRT  in  attempting  to  differentiate  de¬ 
linquents  from  non-delinquents  have  not  met  with  success.  However,  it 
is  the  author’s  contention  that  these  results  might  have  been  the  result 
of  the  indiscriminate  manner  in  which  society  labels  an  adolescent  as 
a  “delinquent.”  For  the  purpose  of  this  study  the  delinquent  group 
consisted  of  Negro,  male,  adolescents  between  fifteen  and  seventeen  who 
had  committed  two  or  more  offenses  that  had  they  been  eighteen  or 
older  would  have  been  treated  as  misdemeanors  or  felonies  by  an  adult 
court.  These  boys  were  from  the  population  of  a  state  training  school  for 
boys.  The  69  boys  in  the  delinquent  group  were  administered  the  PRT,  and 
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their  responses  were  compared  with  a  group  of  100  Negro  high  school 
boys  matched  for  age  and  I.Q.  At  the  .05  level  of  confidence  12  responses 
could  be  expected  to  deviate  by  chance.  However,  27  were  found  that 
would  distinguish  between  the  two  groups.  While  it  will  be  necessary 
to  cross-validate  these  results  on  a  new  sample,  the  results  suggest  strongly 
that  it  is  possible  to  differentiate  between  delinquents  and  non-delinquents 
with  the  PRT  if  the  delinquent  group  is  defined  as  it  was  in  this  study. 
They  would  also  seem  to  indicate  that  in  future  studies  of  the  personality 
differences  between  the  two  groups,  the  matter  of  defining  a  delinquent 
group  should  be  given  more  weight  than  has  been  done  in  the  past. 


INTERACTION  OF  DRUGS  AND  BRAIN  DAMAGE 
Robert  E.  Lee 

Washington  and  Lee  University 

Harvey,  et  al.  (1964)  administered  barbituates  to  rats  with  septal 
and  hippocampal  brain  lesions,  and  noted  a  substantial  increase  in  induc¬ 
tion  rate  and  barbital  sleeping  time  in  comparison  to  unoperated  Ss.  The 
present  study  investigated  the  effects  of  two  barbiturates  and  one  tran¬ 
quilizer  on  the  behavior  of  rats  with  septal  and  hippocampal  lesions  in  an 
operant  situation.  Ss  were  24,  male,  Sprague-Dawley  albino  rats,  train¬ 
ed  for  two  hours  per  day  to  press  a  bar  in  the  standard  Skinner  box  for 
food  pellets  on  a  VI  2'  schedule.  Barbital  (dosage,  00  mg/kg),  pento¬ 
barbital  (10  mg/kg),  and  librium  (25  mg/kg)  were  administered  in  dif¬ 
ferent  orders,  and  the  effects  of  same  were  noted  by  analyzing  the  num¬ 
ber  of  bar  presses  per  S  over  four  successive  30-min.  periods.  Although 
no  analyses  of  variance  were  made,  inspection  of  mean  number  of  bar 
presses  per  condition  over  time,  plus  the  great  variability  found  in  the 
data,  suggest  no  significant  differences  will  be  found  between  groups  as 
affected  by  each  drug.  The  stands  in  opposition  to  the  reports  of  Har¬ 
vey,  et  al.  (1964).  It  is  suggested  that  any  differential  effects  of  barbital, 
pentobarbital,  or  librium  between  unoperated  Ss  and  those  with  hippo¬ 
campal  or  septal  lesions,  may  be  a  factor  of  dosage.  As  an  aside,  con¬ 
firmation  was  found  for  the  finding  of  Jarrard,  Stump,  and  Lee  (1964) 
that  Ss  with  hippocampal  lesions  press  at  a  significantly  greater  rate  than 
unoperated  Ss.  The  present  study  suggests  that  this  finding  holds  true 
for  Ss  with  septal  lesions  as  well. 
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PATTERNS  OF  RESPONSES  TO  ART,  LITERATURE  AND  MUSIC 
OF  VARIOUS  HISTORICAL  PERIODS 
I.  Lipping 

Virginia  Military  Institute 

An  attempt  was  made  to  study  the  responses  to  various  art  forms 
throughout  history.  Subjects  were  required  to  view  or  listen  to  various 
forms  of  art,  and  were  then  asked  to  give  their  reactions.  The  results 
indicated  that  the  subjects  tended  to  correlate  the  various  artistic 
periods.  Correlation  was  greater  between  art  works  of  the  same  period 
than  between  art  works  handling  the  same  subject  matter,  although  the 
subjects  were  completely  unbiased  and  uneducated  as  far  as  art  and  its 
expression  goes.  Most  important  conclusion  was  that  the  characteristics 
of  the  same  artistic  period  were  discerned  by  the  observers  in  all  three 
art  forms  treated  —  literature,  visual  art  and  music.  The  amount  of  cor¬ 
rect  answers  for  the  various  parts  of  the  experiment  averaged  64%. 


THE  BEHAVIORAL  EFFECT  OF  PARTIAL  REINFORCEMENT  AS 
A  FUNCTION  OF  THE  STIMULUS  SIMILARITY  OF  THE 
INTERTRIAL  INTERVAL 

Dennis  McLaughlin 
University  of  Richmond 

Weinstock’s  partial  reinforcement  experimentation  with  large  inter¬ 
trial  intervals  has  been  theoretically  accounted  for  by  Capaldi’s  modified 
aftereffects  theory.  The  present  studv  was  undertaken  to  determine  the 
efficacy  of  Capaldi’s  interference  hypothesis.  The  testing  of  this  hypo¬ 
thesis  consisted  in  controlling  the  amount  of  stimulus  similarity  between 
the  reinforcing  situation,  the  goal  box,  and  the  interfering  situation,  the 
home  cage.  In  Experiment  I,  the  Ss  were  randomly  assigned  to  4  groups, 
i.e.,  one  half  of  the  Ss  received  100%  reinforcement  while  the  other  Ss 
received  50%  reinforcement.  Within  each  group  the  location  of  the  inter¬ 
trial  interval  was  equally  determined.  Experiment  II  served  as  a  replica¬ 
tion  of  Experiment  I  but  differed  in  that  a  larger  number  of  Ss  were  used 
and  the  amount  of  pre-training  was  altered  slightly.  The  experimental 
groups  (partially  reinforced)  in  both  experiments  differed  significantly  in 
mean  log  running  time  from  che  control  groups.  The  partial  reinforce¬ 
ment  in  acquisition  with  large  intertrial  intervals  was,  therefore,  observed. 
There  were  not,  however,  any  differences  between  the  experimental  groups. 
The  prediction  by  Capaldi  that  Ss,  receiving  their  intertrial  interval  in  thj 


1965] 


Proceedings  1964-1965 


415 


home  cage  would  excel  in  performance  was  not  upheld.  Unlike  Capaldi, 
adherents  to  the  statistical  approach  to  learning  theory  seem  to  be  able 
to  give  a  reasonable  accounting  of  the  data. 


POSTSTIMULUS  CUEING  AND  BINARY  PATTERN 
PERCEPTION 

Frank  J.  McLean 
College  of  William  and  Mary 

Assessed  was  the  generally  of  increased  recognition  accuracy  of  par¬ 
tial  report  during  the  first  minute  following  tachistoscopic  exposure  of  a 
display  using  different  apparatus,  a  16mm  projector,  and  stimuli.  Each 
trial  O  initiated  projection  of  a  row  of  eight  circles,  six  blackened,  fol¬ 
lowed  by  one  of  two  visual  cues  to  report  one  element  (partial  report) 
or  all  elements  (total  report)  without  knowledge  of  results.  Randomized 
within  each  session  were  17  TR  and  150  PR  trials;  poststimulus  cue  delay 
changed  between  sessions  as  follows:  0,  250,  250,  0,  509,  750ms.  In¬ 
creased  exposure  duration  from  42ms  to  83  at  500  and  125  at  750  ms 
was  necessitated  by  the  apparatus.  Reported  was  mean  percent  of  cued 
elements  correct  for  two  naive  Os  as  a  function  of  delay  for  the  last 
four  sessions:  (PR,  TR;  Oms  (77.3,  70.9);  250ms  (70.4,  71.1);  500ms 
(70.3,  76.9);  750ms  (81.6,  76.9).  It  was  anticipated  that  PR  perform¬ 
ance  would  be  near  100%  at  Oms  with  a  slight  advantage  relative  to  TR 
nonexistent  by  500ms  (Sperling,  1960;  Averback  &  Coriell,  1961;  Klem- 
mer,  1963.  It  was  concluded  that  generality  was  not  demonstrated. 


COLOR  INDUCTION  IN  MONO-,  DI-,  TRICHROMATS 
AND  ACHROMATS 

R.  L.  McMahon,  A.  E.  Schultes,  and  D.  L.  Conques 
Virginia  Military  Institute 

An  exploratory  investigation  was  made  in  the  fields  of  vision,  photog¬ 
raphy,  color  blindness,  and  color  induction  in  an  attempt  to  determine 
the  nature  of  induced  color  as  related  to  mono-,  di-,  trichromates  and 
achromats.  After  extensive  experimentation  with  lighting,  filters,  and 
apparatus,  the  correct  conditions  for  photographing  color  induction  were 
discovered.  Both  color  prints  and  transparencies  verify  the  fact  that 
color  induction  can  be  photographed. 
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Color  blind  subjects  were  then  tested  to  find  if  they  could  detect 
the  induced  color  phenomena.  From  a  possible  48  answers,  the  ten  sub¬ 
jects,  composed  of  mono-,  di~,  trichromats  and  achromats,  responded  43 
times  as  a  person  with  normal  vision  would  respond.  It  was  found  that 
89%  of  the  responses  to  induced  color  were  the  same  as  for  normal  vision. 

It  is  concluded  that  color  induction  is  not  an  optical  illusion,  but 
rather  as  visual,  scientific  fact.  By  our  experimentation  with  color  blind 
subjects  it  was  found  that  under  the  proper  conditions,  such  as  proper 
lighting  and  color  filters  placed  in  eye  glasses,  the  color  blind  will  be 
able  to  detect  the  full  spectrum  of  color. 


TRANSFER  OF  TRAINING  IN  PERCEPTUAL  LEARNING 

John  V.  Manatis 
University  of  Virginia 

An  attempt  was  made  to  determine  the  roles  of  training  and  trans¬ 
fer  tasks  in  a  perceptual  learning  experiment  involving  random  shapes. 
The  experiment  employed  a  3  by  3  factorial  design  in  which  three  groups 
of  36  Ss  each  first  received  either  recognition,  discrimination  or  identifica¬ 
tion  training  (Training  I.  Then  each  of  these  groups  was  divided  into 
three  subgroups,  all  of  which  proceeded  to  a  second  training  condition, 
which  again  was  either  recognition,  discrimination,  or  identification  (Train¬ 
ing  II).  Statistical  analyses  based  on  Training  II  error  measures  showed 
no  significant  differential  transfer  effects,  i.e.,  performance  in  the  Train¬ 
ing  II  conditions  was  not  found  to  be  differentially  related  to  the  Train¬ 
ing  I  conditions. 


TECHNIQUES  INVOLVED  IN  KC1  SPREADING  CORTICAL 
DEPRESSION  AND  A  COMPARISON  OF  ITS  EFFECTS 
WITH  NEOCORTICAL  ABLATION  IN  AN  AVOIDANCE  TASK 

Kenneth  A.  Marion,  Washington  and  Lee  University  and 
Jack  T.  Tapp,  Vanderbilt  University 

Spreading  cortical  depression  continues  to  remain  a  unique  and  decep¬ 
tive  phenomena  and  a  method  of  increasing  use  in  neurophysiological  inves¬ 
tigation.  In  addition  to  describing  various  aspects  of  spreading  depression, 
an  attempt  is  made  to  report  the  results  of  spreading  cortical  depression 
upon  avoidance  behavior  and  a  comparison  of  these  results  with  neocor- 
tically  ablated  animals  in  a  similar  situation.  This  study  seeks  to  shed 
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some  light  on  the  nature  of  the  behavioral  deficit  under  KC1  spreading 
depression  and  under  neocortical  ablation.  Naive  subjects  (ten  male 
albino  rats)  were  taught  a  shuttle-box  avoidance  task.  Five  were  operated 
for  spreading  depression  preparation;  five  received  medial  neocortical  abla¬ 
tions.  Following  a  recovery  period,  the  Ss  were  tested  for  retention. 
A  difference  in  the  number  of  trials  necessary  for  the  Ss  to  relearn  the 
task  to  criterion  was  noted  with  the  depressed  Ss  learning  the  task  much 
faster.  It  is  concluded  that  care  should  be  taken  in  the  use  of  spread¬ 
ing  depression  as  a  functional  ablative  technique. 


TASTE  AND  PREFERENCE  IN  BRAIN  DAMAGED  RATS 

Ralph  O’Connor 
Washington  and  Lee  University 

The  purpose  of  the  project  was  to  determine  the  effects  of  hippo¬ 
campal  ablation  on  detection  thresholds  for  quinine  hydrochloride  and 
sucrose  in  rats.  24  Sprague-Dawley  rats  were  divided  into  three  equal 
groups.  In  the  experimental  group,  50-85%  of  the  hippocampus  was 
removed  by  mechanical  asperation.  In  the  second,  neocortical  lesions 
were  made  to  stimulate  the  total  brain  damage  of  the  experimental  group. 
A  control  group  was  operated  on  but  no  lesions  were  made.  Taste  thres¬ 
holds  were  determined  using  the  double  stimulus  method  and  the  method 
of  limits.  In  addition,  total  fluid  intake  was  measured  to  determine 
whether  the  hippocampus  affects  drinking.  The  group  thresholds  for 
quinine  were  different  but  a  wide  variation  made  statistical  inference 
impossible.  However,  the  Mann-Whitney  U  Test  showed  a  significant 
difference  between  the  cortical  animals  and  the  control  group.  There 
were  no  differences  in  the  total  consumption  or  sucrose  thresholds.  The 
significantly  higher  thresholds  in  the  cortical  group  suggests  that  part  of 
the  central  taste  center  was  destroyed  but  the  lesions  were  in  a  region 
not  previously  connected  with  taste. 


THE  DETECTION  OF  VISUAL  BINARY  SEQUENCES 

Currell  Lee  Pattie 
University  of  Richmond 

Previous  research  by  the  author  has  suggested  that  individuals  search 
for  and  believe  in  orderly,  predictable  solutions  in  apparently  orderless 
situations.  Such  imposing  of  order  (or  predictability)  in  orderless,  un¬ 
predictable  conditions  might  oe  called  “subject  generated  patternization” 
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(SGP),  or  “false  insight”.  In  the  current  study  E  operated  a  box  with 
two  horizontal  lights  to  flash  Ss  a  randomized  series  of  9  predictable, 
recurring  patterned  binary  sequences  and  9  unpredictable,  unstructured, 
orderless  binary  sequences.  After  presenting  4  repetitions  of  the  pat¬ 
terns  and  an  equivalent  number  of  flashes  for  the  unpredictable,  non-pat- 
terned  sequences,  Ss  were  asked  to  decide  whether  the  sequence  observed 
was  patterned  or  non-patterned.  The  5  Ss  of  the  feedback  group  were 
told  whether  or  not  they  were  correct  following  each  decision.  The  re¬ 
maining  5  Ss  received  no  such  feedback.  It  was  predicted  that  the  feed¬ 
back  group  would  make  fewer  SGP  errors  (call  unpredictable  sequences 
patterns)  than  the  non-feedback  group.  A  two-way  ANOV  (p<  .05) 
indicated  that  the  feedback  condition  did  not  affect  incidence  of  SGP 
in  the  predicted  direction.  The  feedback  group  committed  the  SGP  error 
53%  of  the  time  as  compared  to  49%  for  the  non-feedback  group.  Both 
groups  called  patterned  sequences  unpredictable  24%  of  the  time. 

THE  TEMPORAL  COURSE  OF  EXTRA-EXPERIMENTAL 
INTERFERENCE  OF  VERBAL  HABITS 

Donald  E.  Pryor  and  Kenneth  A.  Blick 
Randolph-Macon  College 

54  Ss  were  trained  in  paired-associate  learning  with  a  list  of  10  pairs 
of  words,  and  were  tested  2  min.  or  48  hr.  later  for  retention  of  the  re¬ 
sponse  words  in  the  presence  of  the  corresponding  stimulus  words.  Each 
response  word  had  a  cultural  probability  of  being  associated  to  its  corre¬ 
sponding  stimulus  word  of  .01,  according  to  the  Russell- Jenkins  word- 
association  norms.  The  540  recall  responses  were  classified  according 
to  one  of  six  sources  of  recall.  The  number  of  correct  responses  fell  sig¬ 
nificantly  (64%  to  31%  form  the  2-min.  to  48-hr.  recall  condition,  and 
the  loss  in  retention  was  accompanied  by  a  corresponding  increase  in  two 
extra-experimental  sources.  The  incidence  of  primary  response  associates 
(Rjs)  doubled  (21%  to  43%),  and  R3-m  associates  (sum  of  R3  to  Ra  also 
showed  a  significant  rise  (10%  to  18%).  Collectively,  these  data  show 
that  proactive  interference  due  to  pre-exp erimental  verbal  habits  increases 
with  an  increase  in  the  retention  interval. 

HANDEDNESS  AND  ITS  RELATION  TO  SUCCESS  IN  COLLEGE 

W.  F.  Ryan,  Jr.  and  J.  R.  Workman 
Virginia  Military  Institute 

How  does  one’s  degree  of  left  and  right  handedness  affect  his  sue- 
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cess  in  college?  This  question  was  answered  by  using  information  gained 
from  Dr.  O.  L.  Zangwill’s  book  Cerebral  Dominance  And  Its  Relation 
to  Psychological  Functions,  and  a  group-test  for  assessing  hand  dominance, 
devised  by  Dr.  Herbert  F.  Crovitz  and  Karl  Zener.  The  test  was  scaled 
so  that  a  completely  right  handed  person  scored  a  possible  low  of  14  and 
a  completely  left  handed  person  scored  a  possible  high  of  70.  The  scores 
were  then  compared  with  College  Board  scores,  academic  averages  and  a 
variety  of  problems  students  might  encounter,  such  as  failures,  speech 
problems,  etc.  There  was  a  definite  correlation  between  the  academic 
averages  and  the  variety  of  problems,  but  none  what-so-ever  with  College 
Board  scores.  The  conclusion  from  this  project  is  that  regardless  of  hand¬ 
edness  test  scores  (hand  preference),  students  have  the  same  potential 
ability,  as  exhibited  in  College  Board  scores  comparison,  which  didn’t 
vary  noticeably  from  left  to  right  handed  students.  However,  the  ones 
who  “favor”  their  left  hand  the  most,  do  generally  much  worse  in  actual 
academic  achievement,  as  seen  in  the  correlation. 


THE  EFFECTS  OF  STRESS  UPON  THE  DEVIATION  RESPONSE 

Lee  M.  Shrader,  Jr. 

University  of  Richmond 

An  experiment  was  done  to  determine  the  relationship  of  anxiety  and 
situational  stress  upon  the  “deviation”  response  (Berg,  1957).  The  Tay¬ 
lor  Manifest  Anxiety  Scale  (Taylor  ,1953)  was  administered  to  sixty  col¬ 
lege  junior  and  senior  females.  The  upper  five,  middle  five,  and  the  lower 
five  scorers  were  given  the  Perceptual  Reaction  Test  (Berg,  1949  under 
two  conditions:  (a)  ‘‘normal”  condition  where  they  were  under  no  unusual 
stress,  and  (b)  situational  stress,  i.e.,  the  anticipation  of  shock.  The 
PRT’s  were  scored  using  a  “Deviant”  response  key  obtained  by  adminis¬ 
tering  the  test  to  35  female  seniors  not  used  in  the  study  and  designating 
all  foils  answered  by  less  than  11.4%  of  the  total  as  deviant  scores.  At 
the  .05  level  of  significance,  no  significant  F’s  were  found  for  “deviation” 
scores  of  the  three  groups  of  TMAS  scorers  or  for  the  two  experimental 
groups  in  “deviation”  scores.  An  ordering  of  the  “deviation”  scores, 
however,  such  that  the  mean  of  all  tests  taken  first  (order  of  presentation) 
could  be  compared  with  the  mean  of  all  tests  taken  second,  regardless 
of  experimental  condition  or  TMAS  score  produced  a  t  significant  at  the 
.005  level.  The  second  presentation,  regardless  of  experimental  condi¬ 
tion  generally  yielded  a  higher  “deviation”  score.  This  is  suggestive  of 
the  need  for  more  investigations  of  the  reliability  of  deviation  scores. 
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ACTIVITY  IN  BRAIN  DAMAGED  RATS 

Anderson  D.  Smith  and  Leonard  E.  Jarrard 
Washington  and  Lee  University 

Activity  of  hippocampal  damaged  animals  was  studied  using  a  modi- 
fied-Bindra  technique  of  observation  and  classification  of  observations  into 
several  components  of  activity.  A  large  sound-proof  and  air  circulated 
box  was  constructed  for  the  observation.  Twenty-four  albino  rats,  divided 
into  three  groups,  were  observed  in  the  box  for  a  fourteen  day  period 
during  both  day  and  night  periods.  The  hippocampal  animals  were 
found  to  sleep  less  significantly  at  night  than  the  other  two  conrtol  groups. 
They  were  also  more  active  in  terms  of  locomotive  and  exploratory  be¬ 
havior  during  the  night  period.  During  the  day  period,  however,  no 
differences  were  found  between  the  three  groups.  Also,  when  placed 
on  food  deprivation,  these  differences  seemed  to  disappear.  This  study 
questions  studies  which  found  hyperactivity  in  hippocampal  damaged 
animals,  as  to  the  possibility  that  the  day-night  cycle  might  influence 
them.  This  should  be  considered  by  anyone  studying  activity  and  brain 
damage. 


DIGITAL  COLOR  PERCEPTION 
Caroline  Smith 

Randolph- Macon  Womans  College 

The  objective  of  this  study  was  to  examine  further  the  phenomenon 
of  digital  color  perception  and  to  test  the  hypothesis  that  approximately 
one-tenth  of  the  Randolph-Macon  Woman’s  College  population  has  the 
ability  to  feel  color  with  their  fingers  or  can  develop  it.  Two  experi¬ 
ments  were  designed  to  test  thirty  female  subjects  for  digital  color  dis¬ 
crimination.  Each  blindfolded  subject  was  tested  individually  and  was 
seated  opposite  the  experimenter  with  a  screen  between  them.  The  sub¬ 
jects  were  required  to  select  from  three  colored  squares  the  two  which 
matched  in  hue.  Thirty  judgments  were  made.  All  possible  combina¬ 
tions  of  red,  green,  blue,  yellow,  orange,  and  purple  stimuli 
were  presented  once  and  in  random  order.  The  thirty  subjects  in  the 
first  experiment  were  tested  with  construction  paper  squares.  In  the  sec¬ 
ond  experiment  those  subjects  whose  color  grouping  performance  on  the 
first  thirty  trials  was  significantly  better  than  chance  at  the  .01  level 
were  tested  with  acetate  squares.  Results  show  that  one-third  of  the 
subjects  tested  in  experiment  I  could  correctly  group  colors  significantly 
better  than  chance  (.01  level).  The  results  of  experiment  II  show  that 
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the  performance  of  only  one  subject  of  the  ten  was  significantly  above 
chance  at  the  .01  level.  Data  from  further  testing  of  this  subject  failed 
to  indicate  that  her  ability  to  group  colors  improved  significantly  or  that 
her  performance  on  color  naming  was  greater  than  chance  expectations. 
These  results  indicate  that  the  subjects  tested  were  poorer  judges  of  color 
with  their  fingers  than  had  been  hypothesized. 


COGNITIVE  DISSONANCE  IN  TASK-ORIENTED  GROUPS  UNDER 
INTERMITTENT  AND  CONTINUOUS  SUCCESS 

Arthur  H.  Strode  II 
University  of  Richmond 

The  purpose  of  this  study  was  to  discover  and  interpret  some  of  the 
psychological  consequences  resulting  from  participation  in  task-oriented 
groups  in  two  different  communication  networks.  Hypotheses  for  the 
study  were  generated  in  terms  of  Festinger’s  theory  of  cognitive  disson¬ 
ance.  Five-man  groups  of  undergraduate  males  were  seated  at  a  Leavitt 
table.  Each  group  member  was  given  a  slip  of  paper  with  five  symbols 
on  it.  Only  one  symbol  was  common  to  all  five  slips.  The  groups  were 
required  to  find  that  one  symbol  that  was  common  among  all  five  group 
members,  aganist  time,  using  only  written  messages.  There  were  four 
experimental  conditions.  The  first  two  conditions  consisted  of  groups 
under  continuous  and  intermittent  success  in  the  all-channel  communica¬ 
tion  network.  The  third  and  fourth  conditions  consisted  of  groups 
under  continuous  and  intermittent  success  in  the  wheel  network.  It  was 
hypothesized  that  subjects  in  leadership  positions  in  the  groups  would 
experience  more  dissonance  and  therefore  reduce  more  disonance  than 
other  group  members.  It  was  further  hypothesized  that  group  members 
under  intermittent  success  would  experience  more  dissonance  than  those 
group  members  under  continuous  success.  The  hypotheses  received  par¬ 
tial  support  and  the  results  can  be  adequately  explained  by  the  theory  of 
cognitive  dissonance. 


COLLEGE  STUDENTS’  INFORMATION  AND  ATTITUDES 
CONCERNING  MENTAL  RETARDATION 
Mary  Jay  Taylor 

Randolph-Macon  Womans  College 
The  present  study  is  a  follow-up  on  the  research  done  by  Frederick 
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B.  Rowe,  Associate  Professor  of  Psychology  at  Randolph-Macon  Woman's 
College.  In  1963-64  he  did  a  study  of  the  information  and  attitudes 
of  Danish  laymen  regarding  their  country’s  programs  and  services  for 
the  mentally  retarded.  The  same  interview  and  questionnaire  items  that 
Dr.  Rowe  compiled  for  use  in  his  Danish  study  were  utilized  for  this 
research.  The  questionnaire  was  administered  to  247  students  (male  and 
female)  at  Lynchburg  College,  and  to  221  students  at  Randolph-Macon 
Woman’s  College.  The  interview  was  conducted  with  75  Lynchburg 
College  students.  These  procedures  were  used  to  test  the  basic  hypo¬ 
thesis  that  both  information  and  attitudes  of  college  students  who  had 
taken  several  social  science  courses  (Psychology,  Sociology,  and  Educa¬ 
tion)  would  reach  a  higher  degree  of  positiveness  than  those  of  students 
who  had  not  been  exposed  to  such  courses.  On  the  questionnaire,  there 
was  a  significant  difference  in  means  when  students  with  19  or  more 
hours  of  social  science  were  compared  with  those  with  6  or  fewer  hours. 
For  most  of  the  interview  questions,  the  most  significant  determinant  of 
highly  positive  attitudes  appeared  to  be  direct  experience  with  the  retarded. 

STIMULUS  AND  RESPONSE  FAMILIARIZATION  UNDER  RECALL 
AND  RECOGNITION  PAIRED-ASSOCIATE  LEARNING 
CONDITIONS 

Annete  Spera  Thompson 
University  of  Virginia 

During  familiarization  training,  Ss  were  required  to  learn  to  spell  6- 
letter  nonsense  words  and  were  tested  in  a  multiple-choice  recognition 
task.  In  addition  to  relevant  familiarization  (learning  of  items  from  the 
subsequent  PA  list),  four  values  of  irrelevant  familiarization  were  employ¬ 
ed.  Subjects  received  either  no  irrelevant  familiarization,  half  as  much 
irrelevant  as  relevant  familiarization,  an  equal  amount  of  each,  or  twice 
as  much  irrelevant  as  relevant  familiarization.  Following  familiarization 
training,  all  96  Ss  learned  an  identical  PA  list  which  contained  two  points 
representing  each  of  the  four  familiarization  conditions:  stimulus  familiar¬ 
ized,  response  familiarized,  both  terms  familiarized,  or  neither  term  fami¬ 
liarized.  Some  Ss  learned  under  a  standard  response-recall  procedure 
and  others  under  a  response-recognition  procedure.  The  main  findings 
were  as  follows1  (1)  Response  familiarization  had  a  slight  inhibitory  effect. 
(2)  No  familiarization  effects  were  found  in  the  response-recognition 
condition  indicating  that  familiarization  operates  solely  through  the  re¬ 
sponse-learning  stage  and  has  no  effect  on  the  associative  phase.  (3  Ad¬ 
ministering  more  irrelevant  than  relevant  familiarization  eliminated  the 
facilitating  effect  of  response  familiarization  . 
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SECONDARY  PUNISHMENT  AS  A  FUNCTION  OF  WORK 
REQUIREMENT  FOR  POSITIVE  REINFORCEMENT 

Donald  M.  Thompson 
University  of  Virginia 

Pigeons  were  trained  to  key  peck  for  positive  reinforcement  on  a 
multiple  FR  VI  2  schedule.  The  VI  2  component  served  as  a  baseline 
while  the  FR  component  (work  requirement)  was  varied  from  1  to  300. 
After  VI  rate  had  stabilized  at  each  FR  value,  VI  responses  produced 
briefly  either  the  fixed-ratio  SD  (a  test  for  secondary  punishment),  or 
a  stimulus  uncorrelated  with  either  schedule  component  (a  control  for 
stimulus  change  per  se).  Compared  to  the  effects  of  the  uncorrelated 
stimulus  change,  the  fixed-ratio  SD  punished  VI  responding,  the  degree 
of  suppression  being  a  function  of  FR  magnitude. 


EFFECT  OF  SUCCESSIVE  TRAINING  OF  DIFFERENT  N-LENGTHS 
UNDER  PARTIAL  REINFORCEMENT  ON  RESISTANCE 
TO  EXTINCTION 

E.  Dale  Walters 
University  of  Richmond 

This  study  tested  a  theoretical  interpretation  of  Capaldi’s  modified 
aftereffects  hypothesis.  It  was  hypothesized  that  Group  I  would  be  most 
resistant  to  extinction  followed  in  order  by  Groups  II,  III,  and  IV.  Four 
groups  of  rats  were  trained  to  press  a  retractable  lever  in  a  Skinner  box 
under  discrete  trials.  Groups  I  and  II  were  given  64  and  32  trials  at 
SN1,  respectively,  followed  by  120  trials  at  SN4,  all  trials  under  50%  partial 
reinforcement.  Group  III  was  given  only  120  trials  at  SN4,  under  50%  partial 
reinforcement  while  Group  IV  was  given  120  trails  at  SN0  (con¬ 
tinuous  reinforcement).  On  extinction  days  2  and  3,  Groups  I,  II, 
and  III  responded  significantly  faster  than  Group  IV,  but  not  among 
themselves.  For  mean  number  of  trials  to  the  second  extinction  criterion, 

(a)  Groups  I,  II,  and  III  were  significantly  different  from  Group  IV, 

(b)  Group  I  was  significantly  different  from  Groups  II  and  III,  and  (c) 
Groups  II  and  III  were  significantly  different.  The  remaining  three  cri¬ 
teria  could  not  be  compared  because  6  Ss  had  not  extinguished  by  the 
submission  date,  but  differences  appeared  to  be  similar  to  those  already 
reported.  The  results  were  viewed  as  only  slight  support  for  the  hypo¬ 
thesis  based  on  the  modified  aftereffects  hypothesis. 
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YAWNING  AS  STIMULUS  AND  RESPONSE 

W.  C.  Williamson  and  R.  P.  Carroll 
Virginia  Military  Imtittite 

The  problem  in  the  present  study  is  the  measurement  of  the  effec¬ 
tiveness  of  the  “contagious”  yawn  as  stimulus  and  response.  Hypotheti¬ 
cally,  the  fatigued  individual  should  be  expected  to  respond  to  the  open- 
mouthed  stimulus  more  readily  than  would  the  unfatigued.  Various  sti¬ 
muli  had  to  be  developed  to  test  this  possibility  and  at  the  same  time 
means  had  to  be  devised  to  note  the  universality  of  this  indirect  measure 
of  mental  altertness. 

The  data  suggest  that  the  yawn  may  indeed  be  such  a  measure  of 
alertness,  both  hyper-  and  hypoalertness.  Just  as  with  other  acts  due 
to  imitation  (repeating  a  song  recently  heard,  answering  a  grin  by  another 
grin,  raising  or  lowering  one’s  voice  to  correspond  with  a  partner  in  con¬ 
versation),  the  more  alert  a  person  is,  the  more  readily  he  will  respond 
to  such  a  stimulus.  But  the  suggestion  of  a  yawn  to  a  fatigued  non-alert 
individual  provokes  the  desired  response  just  as  readily.  The  associa¬ 
tive  mechanism  underlying  this  reaction,  however,  is  still  at  best  poorly 
understood. 


SECTION  OF  STATISTICS 

Virginia  W.  Perry,  Chairman  R.  H.  Meyers,  Secretary 
W.  Cobb,  Chairman-Elect  C.  Y.  Kramer,  Section  Editor 


RANK  CORRELATION  IN  A  SINGLY  TRUNCATED  BIVARIATE 
NORMAL  DISTRIBUTION 

M.  A.  Aitkin  and  M.  W.  Hume 
Virginia  Polytechnic  Institute 

The  truncated  normal  distribution  arises  frequently  in  examination 
selection,  where  ranking  methods  are  commonly  used.  It  is  therefore 
of  interest  to  examine  the  effect  of  truncation  on  coefficients  of  rank 
correlation.  It  is  found  that  tiie  expectations  of  both  Kendall’s  and  Spear¬ 
man’s  coefficients  of  rank  correlation  are  strictly  decreasing  functions  of 
a,  the  point  of  truncation. 
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USE  OF  COMPUTER  SIMULATIONS  IN  LOGISTICS 
MANAGEMENT  TRAINING 
David  A.  Ameen 

Headquarters,  United  States  Army  Logistics  Management  Center 
Fort  Lee,  Virginia 

This  paper  described  the  use  of  computer  simulations  in  logistics 
management  training  at  the  United  States  Army  Logistics  Management 
Center.  It  covers  the  advantages  of  computer  simulations  over  the  case 
mehtod  for  training  managers.  It  then  discusses  the  various  computer 
simulations  currently  in  use  at  the  Army  Logistics  Management  Center. 
They  are  as  follows:  CALOGSIM  (Computer  Assisted  Logistics  Simula¬ 
tion)  This  simulation  simulates  the  functions  of  a  commodity  manage¬ 
ment  group  at  an  army  National  Inventory  Control  Point.  It  is  designed 
to  cover  four  years  of  operation  with  the  ratio  of  real,  to  simulated  time 
being  approximately  one  hour  to  one  month.  CAPERT1SIM  (Computer 
Assisted  PERT  Simulation)  CAPERTISIM  simulates  the  management 
of  a  complex  developmental  type  project  utilizing  the  management  tool 
known  as  PERT.  CARESIM  (Computer  Assisted  Repair  Simulation) 
CARESIM  permits  the  testing  of  different  repair  part  replacement  poli¬ 
cies  over  50,000  hours  of  operation  in  order  to  determine  the  optimum 
policy.  CAISIM  (Computer  Assisted  Industrial  Simulation)  Simulates 
the  functions  of  an  industrial  division  at  an  Army  arsenal  responsible  for 
manufacturing  the  107  mm  recoiless  rifle.  It  involves  considerations  of 
cost  trade-offs  among  four  variables:  payroll  costs,  overtime  costs,  hiring 
and  firing  costs  and  inventory  costs. 


THE  CURVE  THROUGH  THE  EXPECTED  VALUES  OF  ORDER 
STATISTICS  WITH  SPECIAL  REFERENCE  TO  PROBLEMS  IN 
NONPARAMETRIC  TESTS  OF  HYPOTHESES 
Bryant  Chow 

Virginia  Polytechnic  Institute 

The  expected  value  of  the  sth  largest  of  n  ranked  variates  from  a 
population  with  probability  density  f(x)  occurs  often  in  the  statistical 
literature  and  especially  in  the  theory  of  nonparametric  statistics.  A  new 
expression  for  this  value  will  be  obtained  for  any  underlying  density  f(x) 
but  emphasis  will  be  placed  on  normal  scores.  A  finite  series  representa 
tion,  the  individual  terms  of  which  are  easy  to  calculate,  will  be  obtained 
for  the  sum  of  squares  of  normal  scores.  The  derivation  of  this  series 
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demonstrates  a  technique  which  can  also  be  used  to  obtain  the  expected 
value  of  Fisher’s  measure  of  correlation  as  well  as  the  expected  value 
of  the  Fisher- Yates  test  statistic  under  an  alternative  hypothesis. 


DISTRIBUTION  OF  SAMPLE  SIZE  IN  A  SEQUENTIAL 
ANALYSIS  PROCEDURE 


Henry  Fizer 

University  of  Richmond 


Samples  of  random  trials  were  generated  by  the  following  procedure, 
using  the  IBM  1620  FORTRAN  system. 

Pseudo-random  digits  were  repeatedly  compared  in  modulo  5.  A 
machine  record  was  kept  of  t,  the  number  of  trials,  and  of  h,  the  num¬ 
ber  of  trials  resulting  in  congruence;  and  after  each  trial  a  check  was 
made  of  the  significance  of  the  entire  sample  (with  mean  =  .2t ,  a  = 
•4 VO*  Significant  samples  (p  <  .05)  were  terminated  immediately, 
and  sample  that  failed  to  achieve  significance  within  2000  trials  were 
terminated  arbitrarily  at  t_=  2000.  The  sample  size  —  i.e.,  the  termi¬ 
nal  value  tmax  of  t_ —  was  noted  for  each  significant  sample. 

The  variable  tmax  was  found  to  be  distributed  approximately  ac¬ 
cording  to  the  probability  distribution  function 


4?  (tmax)  —  q  (- 


( l — q)  max+  ( 1 — q) 


— 2 


2  ln(l — q) 

where  q_=  .05  is  the  level  of  significance. 

Certain  related  distributions  were  studied. 


THE  USE  OF  THE  SAMPLE  MEAN  DEVIATION  IN 
CONFIDENCE  INTERVALS  FOR  A  NORMAL  VARIATE 

Richard  G.  Krutchkoff 
Virginia  Polytechnic  Institute 

Often  an  experimenter  finds  that  it  is  more  convenient  to  use  the 

mean  deviation  (m  = —  2  |  —  x  |  ),  in  forming  confidence  intervals, 

n 
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than  the  usual  standard  deviation 


(s  = 


n 

2  (Xi 

i=l 


_  2 

-x)  ). 


Multiplication  factors  are  obtained  for  this  procedure  by  two  methods: 
I.  Approximate  the  distribution  of  m  with  a  chi-distribution  and 
proceed  as  usual. 


_  n 

II.  Solve  for  the  exact  distribtuion  of  -  using  a  high-speed 

computer.  m 

This  talk  will  include  results  from  both  methods,  including  the  increase 
in  expected  interval  lengths. 


NON-LINEAR  REPONSE  FUNCTION  ANALYSIS  WITH 
APPLICATION  TO  POULTRY  GENETICS 


Jack  M.  Mendel 
Virginia  Polytechnic  Institute 

If  a  class  of  problems  is  considered  where  the  response  to  be  observed 
is  best  typified  by  a  continuous  non-linear  function,  a  model  and  tech¬ 
nique  of  analysis  is  developed  which  in  certain  cases  is  highly  successful 
for  problems  of  this  type.  For  non-linear  function  of  known  structure, 
variability  is  incorporated  in  the  parameters  of  the  function,  a  suitable 
distributional  assumption  on  these  stochastic  parameters  will  yield  a  prob¬ 
abilistic  nature  to  the  resulting  functional  observations  when  the  stochastic 
parameters  are  mapped  into  functional  form  and  the  function  is  observed 
through  some  range  of  one  or  several  mathematical  variables.  The  model 
is  utilized  on  the  juvenile  growth  curves  of  chickens  whose  body  weights 
coincide  over  time  with  the  logistic  curve, 


Pi 

y(t)  = - 


for  the  ith  chicken.  Further,  the  growth  curves  fell  into  discrete  curve 
classes  within  which  au  /3\,  yi,  were  assumed  to  fall  under  a  trivariate 
normal  distribution.  Each  discrete  class  was  then  treated  as  a  qualitative 
genetic  trait  and  a  genetic  model  was  fitted  which  implied  the  use  of  a 
multivariate  distribution  for  determining  which  classes  of  progeny  a  cer¬ 
tain  mating  between  two  parental  classes  would  yield. 
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AN  EMPIRICAL  BAYES  APPROACH  TO  A 
PARAMETRIC  HYPOTHESIS  TESTING  PROBLEM 

John  Rutherford 
Virginia  Polytechnic  Institute 

We  wish  to  test  a  hypothesis  about  a  parameter  0  e  O  using  an  ob¬ 
servable  random  variable  X  with  conditional  density  function  f(x  |  6 ). 
In  the  empirical  Bayes  approach  there  exists  a  probability  measure  G  on 
O  and  a  sequence  of  independent,  identically  distributed  random  vectors 
{(xn  ,  0_ n)}  =  {(xi  ,  (9i)  ,  (x2  ,  02 )  ,  •  •  •  ,  (xn  ,  (9n)  ,  .  .  .  .  }  each 
element  of  which  is  distributed  according  to  the  distribution  function 

x 

J (x,0)  =f  f ( u  |  O')  du.  G(0) 

- CO 

The  problem  is  to  define  a  sequential  decision  function  8n(x  ;  xn)  for 
which  the  risk  is  asymptotically  minimal. 

We  construct  such  a  decision  function  for  the  density  function 

f(x  |  6)  —  — 

0  o  <  x  <  0  0  >  o 

=  0  elsewhere 

for  the  hypothesis 

H0  :  6  <J  * 

H 1  :  0>6* 

A  STATISTICAL  TECHNIQUE  FOR  ANALYTICAL  CHEMISTS 

W.  J.  Youden 

National  Bureau  of  Standards 

The  quality  of  analytical  work  in  control  laboratories  is  often  checked 
by  the  periodic  inclusion  of  a  standard  sample  or  by  submitting  some 
samples  for  a  second  analysis  under  different  number.  This  talk  con¬ 
cerns  another  scheme  of  checking.  Two  samples,  A  and  B,  are  sub¬ 
mitted  along  with  an  equipart  mixture  of  A  and  B.  Clearly  the  aver¬ 
age  for  the  A  and  B  results  should  check  that  obtained  for  the  mixture. 
The  discrepancy  has  a  variance  of  1.5  times  that  of  a  single  result.  The 
average  discrepancy  very  closely  estimates  the  standard  deviation  of  the 
procedure.  The  discrepancy  may  be  plotted  to  keep  a  control  chart 
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record.  If  all  the  work  is  paired  off  a  check  on  every  result  is  obtained 
by  a  50  percent  rather  than  a  100  percent  increase  in  the  work  load. 
Incidentally  the  result  for  the  mixture  may  be  pooled  with  the  individual 
results  to  give  a  pooled  estimate  with  smaller  variance. 
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LUCKY  STRIKE  FILTERS 
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Thomas  McNider  Simpson,  Jr. 

Thomas  McNider  Simpson,  Jr.  was 
bom  in  Ettrick,  Virginia  on  January 
12,  1882,  the  son  of  Reverend  Tho¬ 
mas  McNider  and  Jocasta  Land 
(Gray)  Simpson.  As  a  member  of 
a  Methodist  ministers  family,  he 
spent  his  boyhood  in  parsonages  in 
different  locations  in  Virginia,  in¬ 
cluding  Farmville  where  he  did  his 
college  preparatory  work. 

In  1897,  he  entered  Randolph-Ma- 
con  College  in  Ashland  .  and  was 
graduated  with  the  Bachelor  of  Arts 
degree  from  that  institution  in  1901. 
His  graduate  training  in  mathemat¬ 
ics  and  astronomy  was  begun  at  the 
University  of  Virginia,  where  he 
was  a  fellow  in  astronomy  from 
1901  until  1905.  He  taught  at  St. 
Stephen’s  College  during  the  aca¬ 
demic  year  1905-06.  The  following  year  he  returned  to  the  University 
of  Virginia  as  instructor  in  mathematics  and  received  his  Master  of  Arts 
degree  from  the  University  of  Virginia  in  June,  1907.  He  next  served 
as  professor  of  mathematics  at  Converse  College  in  Spartanburg,  South 
Carolina  from  1907  until  1915.  Resuming  his  graduate  study,  he  spent 
the  following  two  years  at  the  University  of  Chicago  and  received  his 
Ph.D.  degree  in  mathematics  from  the  university  in  1917.  He  went 
to  the  University  of  Texas  as  instructor  in  mathematics  but  left  that 
position  in  1918  to  become  a  Y.M.C.A.  secretary  with  the  American 
Expeditionary  Force  in  France. 

After  his  return  from  his  overseas  assignment  in  1919,  he  accepted 
the  offer  of  a  professorship  of  mathematics  at  his  alma  mater,  Randolph- 
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Macon  College.  There  he  served  with  distinction  as  a  professor,  dean 
(1939-52)  and  counselor  until  his  death  on  July  7,  1965.  Dr.  Simpson 
is  survived  by  his  widow,  Caroline  Ellis  Simpson,  and  three  sons:  Tho¬ 
mas  McNider  Simpson,  III,  Daniel  Ellis  Simpson,  and  Henry  Gray  Simp¬ 
son. 


During  his  years  of  teaching  and  college  administration  Dr.  Simp¬ 
son  was  recognized  as  one  of  Virginia’s  leading  mathematicians  and 
educators.  A  regular  attendant  at  the  meetings  of  the  Virginia  Academy 
of  Science,  he  read  papers  before  that  body  and  served  as  its  president 
during  the  year  1932-33.  He  was  the  co-author  of  a  high  school  text¬ 
book  in  algebra.  Dr.  Simpson  was  a  Fellow  of  the  American  Academy 
of  Astronomical  Science  and  held  membership  in  the  Mathematics  Asso¬ 
ciation  of  America,  Phi  Beta  Kappa,  Omicron  Delta  Kappa,  Sigma  Xi, 
Chi  Beta  Phi,  and  Sigma  Alpha  Epsilon  (social). 

While  excelling  in  his  own  field  of  scholarship,  Dr.  Simpson  also 
served  with  exceptional  ability  as  Dean  of  Randolph-Macon  College.  His 
talents  as  an  administrator  were  recognized  in  his  election  to  the  presi¬ 
dency  of  the  Association  of  Virginia  Colleges  in  1947.  His  last  scholarly 
effort  was  the  writing  of  A  History  of  the  Association  of  Virginia  Colleges, 
1915-1963. 

Dr.  Simpson  was  a  devoted  Methodist  and  served  in  various  official 
capacities  in  Duncan  Memorial  Church  in  Ashland.  His  interest  in  civic 
affairs  was  well  known  and  appreciated.  He  was  revered  by  his  stu¬ 
dents  and  his  colleagues  alike  for  his  kindly  spirit  and  for  his  keenness 
of  mind  and  mathematical  precision  of  thought  and  expression. 

W.  A.  Mabry 

Dean ,  Randolph-Macon  College 
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EARLY  DREAMS  OF  THE  FIRST  ACADEMY  FOUNDED 
IN  THE  OLD  DOMINION 
Samuel  J.  Gamble 

Chemistry  Department ,  Lynchburg  College 

The  joy  of  discovery  and  of  sharing  that  discovery  with  others  is 
basic  to  the  continuing  search  after  the  subties  of  our  arts  and  sciences. 
Richard  Hayward  Gaines  of  Richmond,  Virginia,  must  have  had  such  a 
feeling  as  he  presented  a  paper  before  the  Virginia  Historical  Society  on 
December  22,  1891.  Gaines’  story  was  about  an  early  attempt  to  estab¬ 
lish  in  Virginia  an  Academy  of  Science  and  Fine  Arts  by  a  French  che¬ 
valier,  Monsieur  Quesnay  de  Beaurepaire.  Quesnay  had  served  as  a 
Captain  in  the  American  Revolutionary  Army  and  afterwards  for  nearly 
eight  years  he  diligently  sought  support  for  his  dream  of  an  American 
Academy.  His  institution  was  to  be  patterned  after  the  famous  Royal 
Academy  of  France.  Gaines  in  his  introduction  to  this  story  makes  a 
statement  which  the  citizens  of  Virginia  and  elsewhere  might  do  well 
to  note  again.  He  said,  “Richmond  has  an  unique,  artistic  and  scientific 
heritage,  in  that,  on  May  8,  1786,  the  tenth  year  of  our  Republic;  the 
Academy  of  Sciences  and  Fine  Arts  of  America  was  founded  in  Rich¬ 
mond,  Virginia.  This  institution  was  not  only  the  first  Academy  of  its 
kind  to  be  formed  in  this  country,  but  it  was  an  institution  of  such 
scope  and  of  such  far-reaching  possibilities  as  to  be  even  now  unparallel¬ 
ed  in  the  United  States”.  Although  the  Academy  as  such  was  only  in 
existence  for  one  year,  some  of  the  objects  and  purposes  which  Quesnay 
hoped  for  are  just  as  valid  in  1966  as  they  were  in  1786  or  in  1891. 

By  coincidence,  among  the  people  in  the  audience  on  this  Decem¬ 
ber  evening  as  Mr.  Gaines  read  his  paper  was  a  Mr.  Rosewell  Page. 
John  Page  of  “Rosewell”,  a  southern  planter  and  colonial  ancester  of 
Rosewell  Page  had  been  a  benefactor  of  Quesnay  during  his  stay  in 
America.  It  is  thought  that  Page  had  suggested  the  idea  of  founding 
the  Academy  to  Quesnay.  In  any  event  Gaines’  story  interested  Rose¬ 
well  so  much  that  he  resolved  to  learn  more  about  the  Academy  and  its 
founder.  After  much  searching  he  succeeded  in  locating  a  copy  of  the 
original  proposal  among  the  Richmond  archives.  The  document,  en¬ 
titled  ‘‘Memoire,  Status  et  Prospectus  Concernant  L’Academie  des  Sci¬ 
ences  et  Beaux- Arts  des  Etats-Unis  de  L’Amerique  Etablie  A  Richmond, 
Capitale  de  la  Virginie”,  had  been  printed  in  Paris  and  in  the  French 
language.  Mr.  Page  translated  the  original  French  into  English  and 
presented  the  translation  to  the  Virginia  State  Librarian  who  made  it  a 
part  of  the  eighteenth  annual  report  of  the  library  board,  1920-21.  It 
is  believed  that  there  were  only  three  copies  of  the  proposal  printed. 
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The  one  Rosewell  Page  translated  in  now  in  the  rare  book  room  of  the 
Virginia  State  Library.  There  was  some  question  as  to  the  whereabouts 
of  the  other  copies.  Page  thought  them  to  be  in  France. 

His  surmiss  was  correct,  for  a  second  copy  has  been  found  in  the 
library  of  the  Sorbonne  in  Paris.  This  copy  had  apparently  been  deposit¬ 
ed  by  Quesnay  or  his  printer  in  1786  and  was  obviously  not  examined 
again  until  1965.  This  is  thought  to  be  true  because  an  assistant  at  the 
Sorbonne  and  your  author  spent  some  time  carefully  cutting  the  pages 
apart  so  that  it  could  be  read.  In  re-reading  the  document  the  excite- 
hment  of  Quesnay ’s  dream  seems  to  be  excellently  documented  in  two 
extracts  from  the  records  of  the  French  Royal  Academy  in  support  of 
his  proposal.  The  English  version  is  in  Rosewell  Page’s  translation  in  the 
State  Library.  Since  the  flavor  and  concept  of  the  original  French  may 
be  lost  in  a  translation  it  was  felt  that  they  were  worth  reproducing.  Also, 
it  is  assumed  that  members  of  the  ACADEMY  or  some  of  their  colleagues 
know  a  little  French,  n’est  ce  pas?  The  first  letter  was  from  the  Royal 
Academy  of  Science. 

“Nous,  commissaires  nommes  par  FAcademie,  evons  axamine  le 
Project  presente  par  M.  le  Chevalier  Quesnay  de  Beaurepaire,  concernant 
une  Academie  des  Sciences  et  Beaux-Arts,  etablie  a  Richmond,  Capitale 
de  la  Virginie  en  Amerique,  a  75  lieues  de  Phildalephia,  &  a  35  lieues 
de  la  Mer. 

L’Auteur,  ayant  servi  dix  ans  dans  l’Amerique  Anglaise,  en  ayant 
parcouru  toutes  les  parties,  a  eu  occasion  d’y  reconnaitre  le  besoin  d’in- 
struction,  et  il  a  concu  le  projet  d’y  contribuer,  en  meme-tems  qu’il  y 
trouverait  l’avantage  de  multiplier,  dans  de  circonstances  aussi  interes- 
santes  que  celles  de  la  naissance  de  cette  Republique,  les  relations  de 
la  France  avec  elle,  et  de  la  her,  avec  sa  Patrie,  par  de  nouxeaux  motifs 
de  reconnaissance,  de  conformite  dans  les  gouts,  &  de  communications, 
plus  entime,  entre  les  individus  des  deux  Nations. 

II  choisit  Richmond,  au  il  avait  le  plus  d’amis,  &,  tant  par  ses  propres 
fonds  que  par  une  souscription  libre  de  pres  de  Soixante  Mille  Francs, 
il  parvint  a  acquerir  un  superbe  local,  et  a  faire  construire  un  edifice, 
destine  a  etre  le  centre  de  la  nouvelle  academie.  Une  foule  de  citoyens, 
zeles  pour  le  bien  public,  de  peres  jaloux  d  l’education  de  leurs  enfans,  de 
personnages  meme  attaches  aux  affaires  du  Gouvemment  s’empresserent 
de  concourir  a  ses  vues,  &  de  participer,  par  leurs  talens,  leur  credit  et 
leur  fortune,  a  l’honneur  de  cet  Establissement;  et  le  24  Juin  1786,  on 
posa  la  premiere  pierre  du  batement  de  FAcademie  avec  la  plus  grand 
solemnite,  comme  on  le  voit  dans  la  Gazette  de  Virginie,  qui  a  ete  mise 
sous  nos  yeux. 
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II  s’agissait  de  procurer  a  cet  Etablissement,  de  Maitres  pour  1’en- 
seignement,  des  modeles  pour  les  Arts,  des  instrumens  pour  les  Sciences; 
et  c’est  l’object  du  voyage  que  M.  Quesnay  a  fait  en  Europe;  il  a  con- 
suite  les  grands  Maitres,  en  tout  genre;  il  a  reuni  des  sujets;  &  il  espere, 
a  son  retour  en  Virginie,  ouvrir  des  Ecoles,  ou  Ton  enseignera  la  Physique, 
l’Astronomie,  l’Histoire  Naturelle,  la  Chyrnie,  la  Mineralogie,  la  Peinture, 
la  Sculpture,  1’ Architecture  Civile  &  militaire,  &  les  Langues  etrangeres. 

Il  n’est  pas  difficile  de  sentir  toute  l’utilite  dun  pareil  Project;  on  a 
deja  recu  de  l’Amerique,  differens  arbres  &  arbustes,  qui  peuvent  occuper 
en  Europe,  des  terreins  regardes  comme  steriles,  &  procurer  des  ressources 
dans  les  Arts.  Cependant,  on  ne  connait  encore  que  les  rivoges  de  la 
Mer  et  les  bords  des  grands  fleuves;  &  nous  devons  desirer  des  correspond- 
ances  plus  intimes,  pour  la  Botanique,  ainsu  que  pour  la  Mineralogie. 

Il  y  foudrait,  sans  doute,  des  Professeurs  d’Anatomie,  par-tout  des 
Chirurgiens  herniaires;  car  on  sait  que  parmi  les  gens  qui  travaillent  dans 
les  compagnes,  il  y  a  beaucoup  de  personnes  sujettes  aux  descentes,  sur- 
tout  a  un  certain  age;  on  compte  meme  une  personne  sur  six,  dans  ce 
cas-la.  Il  n’y  a  personne  qui  y  fasse  des  observations  astronomiques, 
si  ce  n’est,  de  terns,  et  comme  par  hasard.  Les  moyens  destructions 
y  sont  rares  et  difficiles  dans  tous  les  genres;  l’entreprise  de  M.  Ques¬ 
nay  doit  contribuer,  sans  doute,  a  les  multiplier.  Nous  avons  ete  edifies 
de  son  courage,  et  il  noussemble  qu’on  en  peut  esperer  beaucoup. 

Nous  n’entreron  point  dans  I’examen  des  moyens  economique  pecu- 
niaries,  qu’il  propose,  pour  se  procurer  de  notre  ressort,  et  il  n’est  point 
dans  le  Memoire,  pour  lequel  on  demande  le  suffrage  de  1‘Academie. 

Mais  le  Project  Litteraire,  devant  en  Amerique,  eclairer  et  secourir 
ces  vastes  Republiques,  nous  croyons  que  l’Academie  ne  peut  qu’applaudir 
au  zele  de  M.  le  Chevalier  Quesnay,  l’encourager,  et  desirer  le  succes 
son  Etablissement. 

Fait  a  Paris,  dans  l’Assemblie  de  l’Academie  Royales  des  Sciences, 
le  14  Mars  1788. 


Signe, 

De  la  LANDE,  THOUIN,  TENON,  LAVOISIER” 


The  second  letter  was  from  the  Royal  Academy  of  Painting  and 
Sculpture. 

“Nous,  Commissaires  nommes  par  deliberation  de  1’Academie  Royale 
de  Peinture  et  Sculpture,  du  3  Mai  de  la  presente  annee,  pour  Texamen 
dun  Memoire  et  Prospectus  Concernant  l’Academie  des  Sciences  et  Beaux- 


6 


The  Virginia  Journal  of  Science 


[January 


Arts  des  Etats-Unis  de  l’Amerique,  par  M.  le  Chevalier  Quesnay  de  Beau- 
repaire,  son  Fondateur-President;  et  en  consequence  d’une  lettre  ecrire 
a  la  Compagnie,  par  M.  Bassuel  du  Vignois;  Secretaire  de  ladite  Academie 
Americaine,  par  laquelle  ce  Secretaire  temoigne  le  desir  que  cette  aca¬ 
demie  naissante  aurait  de  s’associer  a  celle  Royal  de  Peinture  et  Sculpture 
de  Paris,  avons  lu  ledit  Memoire  et  Prospectus. 

Nous  y  avons  admire  la  Constance  active  de  M.  le  Chevalier  Ques¬ 
nay,  pour  cet  Etablissement;  nous  n’y  avons  pas  moins  admire  le  zele 
des  Etats-Unis  de  PAmerique,  a  favoriser  ce  project.  Ce  zele  fait  l’eloge 
de  l’Esprit-,  du  Caractere,  et  des  grandes  vues  de  cette  Republique,  qui, 
des  sa  naissance  se  montre  si  interessante  sous  les  Rapports. 

Nous  pensons  done  qu’a  l’exemple  de  l’Academie  Royale  des  Sci¬ 
ences  de  cette  Ville,  celle  de  Painture  et  Sculpture  doit  se  hater  de  ceder 
au  desir  de  l’Academie  des  Sciences  et  Beaux-Arts  de  Richmond;  nous  pen- 
sons  que  de  pareilles  Associations  ne  peuvent  que  propager  les  lumieres  et  les 
connaissances  dans  toutes  les  parties  du  monde,  &  qu’elles  peuvent  meme 
devinir  tres-utiles  au  commerce,  repandre  par-tout  en  esprit  de  paix,  & 
enfin  resserrer,  par  la  Correspondance  fraternelle  des  Sciences  &  des  Arts, 
les  liens,  qui,  pour  le  bonheur  unir  toutes  les  Nations. 

Nota.  Quant  aux  Arts  que  nous  professons,  nous  invitons  l’Academie 
de  Richmond  a  se  procurer,  pour  le  progres  des  Eleves,  des  Professeurs 
d’Anatomie  &  de  perspective,  relative  aux  dits  Arts. 

Signe. 

PAJOU,  SUREE,  VERNET,  RENOU 


Although  the  number  of  “hernias’  ’per  se  may  no  longer  excite  the 
physician  or  Anatomy  professor,  there  are  a  number  of  points  raised  in 
these  letters  that  are  worth  re-examining.  Several  of  the  dreams  for 
Quesnay’s  Academy  represent  a  basic  purpose  in  writing  this  article. 

For  example,  in  our  present  society  one  should  seriously  re-consider 
the  values  that  might  be  gained  by  the  exchange  of  ideas  from  “’pareilles 
associations”  of  the  Arts  and  Sciences.  The  present  trend  seems  to  be 
one  of  the  two  disciplines  drifting  further  apart.  Even  in  our  Liberal 
Arts  Colleges  separate  buildings  for  the  Arts  and  for  the  Sciences  is  the 
general  thing.  As  a  consequence  both  students  and  faculty  in  the  two 
fields  play  Kipling’s  “East  and  West”. 

Secondly,  Professor  Emeritus  Ruskin  S.  Freer  (Lynchburg  College), 
a  leading  authority  on  the  plants  of  the  Blue  Ridge,  points  out  that  the 
Botany  of  the  Virginia  area  is  still  virtually  unknown.  It  would  seem 
that  with  some  support  and  the  creation  of  some  interest  that  this  botani- 
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cal  plum,  particularly  of  the  Blue  Ridge  and  the  Smokies,  is  now  ripe 
for  the  picking. 

One  final  example.  The  ease  of  communication  and  travel  would 
seem  to  promote  more  world-wide  exchange  of  cultural  ideas.  Yet  there 
are  no  “Academies”  being  suggested  for  Asia,  Africa  or  Latin  America. 
The  concept  of  a  center  for  the  promotion  of  the  Arts  and  Sciences  in 
the  newly  emerging  countries  would  appear  to  be  just  as  significant  as 
economic  and  military  assistance. 


(Special  thanks  are  due  Dr.  Isobel  Boggs,  Professor  Emeritus,  Randolph-Macon  Womans 
College,  Lynchburg,  Va.  for  her  encouragement  and  counsel.  Also  to  the  National  Institutes 
of  Health  for  their  Scholarship  Assistance.) 
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THE  MONUMENTAL  CHURCH 

One  of  the  historical  landmarks  in  Rich¬ 
mond.  Situated  on  the  former  site  of  Quesnay’s 
Academy.  The  Academy  after  one  year  became 
a  Theatre.  It  is  the  same  building  in  which 
Virginia  ratified  the  Constitution  of  the  U.S.A. 
The  building  burned  in  1802  and  was  again 
rebuilt  as  a  theatre.  A  more  tragic  fire  took 
place  in  1811  when  some  73  persons  were 
killed  including  Governor  George  William 
Smith  of  Virginia.  The  people  of  the  U.S.A.  by 
popular  subscription  raised  funds  to  build  the 
present  MONUMENTAL  CHURCH. 


Willie  F.  Smith,  Custodian  of  the  Monu¬ 
mental  Church.  A  Monument  to  those  who  lost 
their  lives  in  the  1811  fire  is  shown  in  the  back¬ 
ground. 
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THE  BINDING  ENERGY  BETWEEN  VACANCIES 
AND  DISLOCATIONS1 

Doris  Kuhlmann-Wilsdorf 
School  of  Engineering  and  Applied  Science 
University  of  Virginia ,  Charlottesville ,  Virginia 

I.  Introduction 

The  interactions  between  vacant  lattice  sites  and  dislocations  are 
manifold.  Not  only  are  vacancies  generated  or  destroyed  by  climbing 
dislocations,  but,  further,  supersaturated  vacancies  often  condense  in  the 
form  of  planar  arrays  which,  by  their  collapse  and  the  subsequent  rejoin¬ 
ing  of  the  opposing  surfaces,  form  dislocation  loops  and  more  complicated 
dislocation  structures.  (See  for  example  “Lattice  Defects  in  Quenched 
Metals”  edited  by  Cotterill  et  al.,  1965).  Moreover,  it  is  generally  ac¬ 
cepted  that  gliding  dislocations  generate  vacant  lattice  sites,  and  experi¬ 
mental  evidence  shows  that  gliding  dislocations  annihilate  small  vacancy 
clusters.  (Greenfield  and  Wilsdorf  1961,  Greenfield  1962,  Kuhlmann- 
Wilsdorf,  Maddin  and  Wilsdorf  1962,  Mastel,  Kissinger,  Laidler  and 
Bierlein  1963,  Meshii  1965,  Saada  and  Washburn  1963,  Sezaki  and  Kuhl¬ 
mann-Wilsdorf  1963,  1964).  Altogether,  the  named  effects  have  a  deci¬ 
sive  influence  on  the  dislocation  structures  as  they  arise  in  quenched  as 
well  as  strained  crystals,  and  thus  affect  the  mechanical  properties.  Still, 
many  aspects  of  vacancy-dislocation  interactions  are  not  at  all  well  under¬ 
stood,  which  is  not  too  surprising  when  considering  that  even  so  basic 
a  parameter  as  the  binding  energy  between  vacancies  and  dislocations 
is  not  known  at  all  well.  The  present  paper  is  devoted  to  a  theoretical 
calculation  of  this  binding  energy  for  the  case  of  monatomic  monovalent 
metals.  It  is  believed  that  to  some  large  extent  the  considerations  and 
results  obtained  are  also  applicable  to  other  crystals. 

II.  Theory  of  the  Interaction  Energy  Between  Vacancies  and  Internal 

Stresses  in  Crystals 

a.  The  Four  Important  Contributions  to  the  Interaction  Energy 

The  major  effects  of  a  vacancy  in  a  metal  are  fourfold.  In  order  to 
visualize  these,  imagine  that  a  vacancy  is  made  by  taking  an  atom  some¬ 
where  out  of  the  center  of  a  metal  and  redepositing  it  on  the  surface. 
An  immediately  obvious  effect  of  this  procedure  is  a  change  in  the  vol¬ 
ume  of  the  metal.  Namely,  redepositing  the  atom  on  the  surface  creates 


Editor's  Note:  This  paper  covers  research  for  which  the  author  received  the  J.  Shelton 
Horsley  Award  and  was  prepared  at  my  request. 
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an  extra  lattice  site,  and  thereby  the  volume  of  the  metal  is  increased 
by  one  atomic  volume.  On  the  other  hand,  the  near-neighbor  atoms 
to  the  site,  left  vacant  when  the  atom  is  removed  from  the  interior, 
move  inwards  towards  the  vacant  site.  This  motion  causes  a  rearrange¬ 
ment  of  all  atoms  in  the  metal,  to  the  effect  that  every  closed  surface 
imagined  to  enclose  the  vacancy  at  distances  large  enough  so  that  elastic¬ 
ity  theory  may  be  applied,  sweeps  out  the  same  volume,  named  the 
“volume  of  relaxation”,  vR.  In  other  words,  the  elastic  strain  field  of 
a  vacancy  is  free  of  dilatations  (Eshelby  1957).  Experimentally,  vR  ^ 
^  v ,  if  v  is  the  volume  per  atom  in  the  metal.  Thus,  altogether  the 
external  volume  change  due  to  the  generation  of  a  vacancy  is  the  dif¬ 
ference  between  the  volume  increase  of  one  atomic  volume  arising  when 
the  extra  atom  is  deposited  on  the  surface,  and  the  volume  decrease  of 
magnitude  vR  caused  by  the  inward  relaxation  of  the  atoms.  As  ex¬ 
plained,  the  density  of  the  metal  on  a  microscopic  scale  remains  unaf¬ 
fected  everywhere  except  quite  close  to  the  vacancy. 

A  second  effect  of  creating  a  vacancy  as  edscribed  is  a  rearrange¬ 
ment  of  the  conduction  electrons.  This  comes  about  because  the  hole 
left  when  the  atom  is  removed  does  not  remain  empty,  but  conduction 
electrons  penetrate  into  it.  However,  since  a  positively  charged  ion  was 
removed,  the  bottom  level  of  the  conduction  band  at  the  position  of 
the  vacant  site  is  increased,  while  the  Fermi  level,  i.e.,  the  energy  level 
at  the  top  of  the  filled  portion  of  the  conduction  band,  must  be  uniform 
throughout  the  metal.  Thus  the  width  of  the  occupied  portion  of  the 

conduction  band  is  diminished  at  the  vacancy - (according  to  Alfred 

and  Marsh  (1957)  becoming  zero  somewhere  inside  the  vacancy  where 

the  bottom  level  locally  exceeds  the  Fermi  level) - and  the  electronic 

charge  density  at  the  site  of  the  vacancy  is  correspondingly  diminished. 
Actually,  the  said  disturbance  is  confined  to  a  very  small  volume,  and 
screening  is  complete  everywhere  outside  of  it.  At  the  same  time,  the 
effect  of  increasing  the  overall  volume  of  the  metal  while  retaining  the 
same  number  of  electrons,  slightly  lowers  the  Fermi  level. 

Thirdly,  the  vibrational  modes  of  the  lattice  are  disturbed.  Quite 
possibly,  localized  pulsating  modes  arise  in  the  vicinity  of  the  vacancy 
as  suggested  by  Montroll  and  Pots  (1955).  In  any  event,  locally,  near 
the  vacancy,  the  mechanical  density  is  decreased  as  discussed,  and  thus, 
within  some  distance  of  the  vacancy,  the  vibrational  frequencies,  v , 
must  be  lowered  in  accordance  with  the  Gruneisen  relationship  A  v/v 
—  —  y  A  V/V,  where  V  is  the  volume  and  y  the  Gruneisen  constant. 

Fourthly,  the  dilated  region  around  the  vacancy  is  “elastically  soft”, 
i.e.  locally,  Youngs  modulus,  the  modulus  of  rigidity  and  the  bulk  modu¬ 
lus  are  all  slightly  reduced. 
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It  is  via  these  four  changes  caused  by  a  vacancy  that  internal  stresses 
interact  with  vacancies,  since  not  only  vacancies,  but  also  internal  stresses 
affect  density,  distribution  of  conduction  electrons  and  frequencies  of 
vibrational  modes  and  since,  further,  internal  stresses  give  rise  to  stored 
energy  in  proportionality  to  the  elastic  constants. 

In  the  present  theory,  only  internal  stresses  are  considered.  Since 
the  average  value  of  internal  stresses  necessarily  vanishes,  distributed 
effects  of  a  vacancy,  and  effects  due  to  the  redeposition  of  the  atom  on 
the  stress-free  metal  surface,  cannot  contribute  to  the  interaction  energy. 
Consequently,  only  the  localized  effects  due  to  a  vacancy  need  to  be 
considered.  Hence,  in  the  usual  case  that  the  internal  stresses  change 
slowly  compared  to  the  small  volume  (say,  extending  to  third  or  fourth 
nearest  neighbor  atoms)  within  which  a  vacancy  significantly  modifies 
the  density,  electronic  structure,  vibrational  modes  and  elastic  constants, 
the  local  values  of  internal  stresses  and  strains  at  die  vacancy  must 
determine  the  interaction  energy. 

b.  Volume-Pressure  Work :  The  Cottrell  Interaction 

Locally,  the  volume  of  the  material  is  reduced  by  vR  ,  the  volume 
of  relaxation,  when  a  vacancy  is  made,  as  was  seen  above.  Correspond¬ 
ingly,  the  normal  components  of  the  internal  stresses  interact  with  vR 
just  as  any  hydrostatic  pressure  interacts  with  a  volume  change,  whereby 
r ,  the  local  sum  of  the  normal  stress  components,  assumes  the  role  of 
one-third  of  the  hydrostatic  pressure.  Thus  the  contribution  to  the 
interaction  energy  due  to  this  effect  is  found  as 

Ec  = - TV  R  = - T  (1) 

3  6 

if  r  is  counted  positive  for  dilatational  stress  where,  as  before,  v  is  the 
volume  per  atom.  This  most  obvious  of  all  contributions  to  the  bind¬ 
ing  energy,  is  the  equivalent  of  the  Cottrell  interaction  for  the  case  of 
substitutional  atoms.  It  is  the  work  done  by  the  internal  stress  field 
when  a  vacancy  is  formed.  Ee  acts  to  attract  vacancies  towards  regions 
of  compressional  stress. 

c.  Electronic  Interaction  Energy 

The  electronic  interaction  between  a  vacancy  and  an  internal  stress 
system  is  complex,  and  several  aspects  of  it  have  been  discussed  in  a 
previous  paper  (Girifalco  and  Kuhlmann-Wilsdorf  1964).  However,  only 
one  of  the  possible  contributions  to  the  binding  energy  from  this  source 
is  significant.  This  occurs  because  Ev  ,  the  energy  of  formation  of  a 
vacancy,  is  nearly  proportional  to  the  width  of  the  occupied  portion  of 
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the  conduction  band  (Fumi  1955,  Tewordt  1958). 


Roughly, 


EF  with  EF  the  Fermi  energy,  taking  the  energy  of  the  bottom  of  the 
band  as  the  zero  point.  From  simple  electronic  theory  it  is  known 
that  for  uniform  electron  density  EF  =  const  V-2/3,  where  V  is  the  vol¬ 
ume  available  for  the  (constant)  number  of  conduction  electrons.  If 
due  to  dilatational  strains  the  volume  is  changed,  one  finds 

AEV  AEf  2  AV  2 

Er  ~~  EF  ~  3  V  ~  3  '  (  "( 


taking  € ,  the  dilatation,  positive  in  expansion.  Thus,  the  formation  energy 
of  a  vacancy  is  decreased  by  f  Eve  when  it  is  generated  in  a  region  of 
dilatational  strain  e ,  and  the  corresponding  contribution  to  the  binding 
energy  is  given  bv 


E 


q 


(3) 


causing  vacancies  to  be  attracted  into  regions  of  dilatational  strain, 
d.  The  Entropy  Term 

At  any  but  very  low  temperatures  and  in  every  thermodynamic 
system,  the  energy  per  particle  and  degree  of  freedom  is  given  by  ^  kT. 
Therefore,  changes  in  the  frequency  of  vibrational  modes  do  not  affect 
the  internal  energv  at  intermediate  and  high  temperatures  but  they  do 
affect  the  entropy.  Actually,  Sv ,  the  entropy  of  an  isolated  vacancy, 
is  due  to  its  influence  on  the  vibrational  modes  as  discussed  in  section  II  a. 
Correspondingly,  the  equilibrium  concentration  of  vacancies  of  energy  Ev 


is  not  given  by  f0  = 


-Ev/kT 

e 


but  by 


—  (Ev  — TSv)/kT  —  Ev/kT 

fG  =  e  =  Ae  (4) 

where  the  pre-exponential  factor  A  is  related  to  Sv  as  Sv  =  klnA. 

It  is  debatable  of  how  to  correctly  evaluate  the  influence  of  strains 
on  Sv  or  A,  respectivelv.  In  preceding  papers  (Girifalco  and  Kuhlmann- 
Wilsdorf  1964,  Kuhlmann-Wilsdorf  1965),  the  following  argument  was 
made:  Asuming  that  only  Z  modes  of  original  frequency  up  are  significantly 
changed  by  the  presence  of  the  vacancy,  converting  them  from  distributed 
modes  into  localized  modes  of  frequency  Vj ,  then 
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Sv  =  Zk  In  (— ) 

ui 


(5) 


A  reasonable  estimate  equates  Z  with  the  number  of  nearest  neighbor 
atoms.  According  to  the  Gruneisen  relationship, 


Av 

V 


AV 


V 


—  y 


i.  e., 

Ain  V  —  —  ye  (6) 

The  presence  of  a  dilatation,  e ,  at  the  position  of  a  vacancy  would  thus 
change  the  frequencies  of  the  localized  pulsating  modes  according  to 
eq.  6,  but  the  frequencies  of  the  corresponding  distributed  modes  in 
an  ideal  crystal  would  have  remained  unchanged  because,  for  internal 
stresses,  the  average  value  of  e  equals  zero.  Thus 

ASv  =  Zyk«  (7a) 

yielding  a  corresponding  contribution  to  the  binding  energy  of 

Eth  =  ZykTe  (7b) 

directed  so  as  to  attract  vacancies  into  regions  of  dilatation.  In  fact 
(and  as  seen  from  eq.  4),  Eth  is  logically  better  rewritten  into  a  con¬ 
stant  pre-exponential  factor,  but  in  the  framework  of  the  present  theory 
it  is  more  convenient  to  leave  Eth  as  given  in  eq.  7b,  namely  as  a  bind¬ 
ing  energy  which  is  proportional  to  the  absolute  temperature. 

e.  Release  of  Stored  Strain  Energy 

This  fourth,  and  last  contribution  arises  because  elastic  constants 
are  slightly  reduced  in  the  immediate  vicinity  of  a  vacancy,  as  explain¬ 
ed  in  section  II  a,  so  that  internal  stresses  and  stored  energy  density 
are  correspondingly  reduced.  The  theory  of  this  stress  relief  is  com¬ 
plicated.  A  treatment  of  it,  based  on  calculations  by  Eshelby  (1957), 
was  given  in  earlier  publications  (Girifalco  and  Kuhlmann-W ilsdorf  1964, 
Kuhlmann-Wilsdorf  1965). 


As  it  turned  out,  the  magnitude  of  the  binding  energy  from  this 
cause  is  always  small  and  can  be  neglected  throughout.  Altogether, 
finally,  the  binding  energy  between  vacancies  and  internally  stressed 
regions  is  thus  given  by 

•  EB  =  Ec  -f-  Eq  -f-  Eth  = - r  ~b  ”  Ey  £  -(-  Z  k  T  y  e 


(8) 


14 


[January 


The  Virginia  Journal  of  Science 

III.  Stresses  and  Strains  of  Dislocations 
a.  Elastic  Regions 

A  dislocation  of  arbitrary  orientation  in  an  elastically  isotropical 
medium  can  always  be  regarded  as  an  edge  and  a  screw  dislocation 
superimposed  onto  each  other.  In  the  elastic  region  of  a  screw  disloca¬ 
tion  parallel  to  the  z-axis,  e  =  0  everywhere,  and  the  only  non-vanishing 
stress  components  are,  in  cylindrical  coordinates, 

T  ez  —  Tz  e  —  As/r  =  /x  b/27T  (9) 

with  /x  the  modulus  of  rigidity  and  b  the  Burgers  vector,  so  that  T  =  0. 
In  the  elastic  stress  field  of  an  edge  dislocation  of  like  orientation,  with 
6  the  angle  between  radius  vector  and  slip  plane, 

e  =  -  [(1-2*)  Al/Vr]  sin  9  (10) 

where  8  is  Poisson’s  ratio,  and  Aj_  —  fx  b/27r(l —  a)  ,  and  the  non¬ 
vanishing  stress  components  are 

t  ee  —  rrr  =  rzz/ 2  <J—  —  ( A _]_/ r )  sin  9 

rr  r  *r  =  (Al/r)  cos  6  (11) 

r  —  —  2(1  +  o-)  (Al/r)  sin  9 

The  stresses  and  diltation  given  in  eqs.  9  to  11  represent  the  elastic 
stress  fields  of  edge  and  screw  dislocations,  respectively.  These  may  be 
superimposed  to  evaluate  stresses  and  diltation  of  mixed  dislocations,  as 
was  briefly  stated  above.  Namely,  if  the  angle  between  the  dislocation 
and  it’s  Burger’s  vector  is  given  by  ,  then  the  screw  component  of 
that  dislocation  has  the  Burgers  vector  b  cos  <£  and  the  edge  component 
has  the  Burgers  vector  b  sin  <£  . 

The  above  solutions  break  down  for  r  <  r0  ,  where  rG  is  the  radius 
of  the  so-called  dislocation  core,  that  region  near  the  dislocation  axis 
which  is  so  severely  strained  that  Hooke’s  law  is  not  obeyed.  The  value 
of  r0  is  determined  from  the  knowledge  that  a  highest  shear  stress  exists 
beyond  which  an  ideal  crystal  could  not  be  strained  without  disintegrat¬ 
ing.  This  critical  stress,  Tcrit ,  is  in  a  fairly  fixed  relationship  to  the 
modulus  of  rigidity  /x ,  namely  Tcrit  =  jn/q >  where  the  parameter  q  is 
the  reciprocal  of  the  largest  shear  strain  a  dislocation-free  perfect  crystal 
could  support.  For  closepacked  metals,  i.e.,  those  metals  for  which  this 
theory  was  developed,  q  ^  30.  Correspondingly,  tq  z  rerit  means  that 
r0  =  AD/Tcrit  where  AD  =  AS  =  /xb/27r  for  screw  dislocations  and  AD 
=  A±=fxb/2l7r  (1  —  a)  for  edge  dislocations.  Thus  r0  s*  bq/2rr  for 
screw  dislocations,  and  r0  ^  bq/2rr  (1  —  a-)  for  edge  dislocations. 
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b.  Dislocation  cores 

In  the  binding  energy,  eq.  8,  only  T  and  e  appear,  not  the  rij . 
Therefore  it  is  sufficient  to  evaluate  these  two  quantities  as  they  obtain 
in  cores  of  dislocations.  Unfortunately,  only  estimates  can  as  yet  be  made 
regarding  the  stresses  and  strains  in  dislocation  cores.  Still,  it  stands  to 
reason  that  the  average  core  stresses  must  be  in  the  order  of  rcrit ,  with 
the  maximum  stresses  perhaps  twice  the  average.  In  the  following, 

rc  —  (*■/ q  —  —  (rc)  (12) 

2  Max 

is  correspondingly  taken  to  be  a  reasonable  estimate  for  the  equivalent 
of  the  average  value  of  r  in  the  cores  of  all  dislocations,  irrespective 
of  the  value  of  the  angle  </> . 

The  dilatation  in  the  cores  of  screw  dislocations  is  finite,  and  does 
not  vanish  as  it  does  in  the  elastic  regions,  because  non-Hookean  strains 
reduce  the  mechanical  density  in  the  core  regions  somewhat.  The  same 
dilatation  is  superimposed  on  the  strains  of  edge  dislocation  cores.  It 
is  assumed  that  this  dilatation  due  to  non-Hookean  strains  in  all  disloca¬ 
tion  cores  amounts  to  about  one  atomic  volume  per  atomic  plane  normal 
to  a  dislocation  core.  Since  r0  =  bq/2rr  and  v  =  b3/y2~,  the  dilatation 
due  to  a  widening  of  n  atomic  volumina  per  length  of  b  in  a  core  of 
radius  r0  corresponds  to  an  average  core  dilatation  of 

nb3/y/2  b  7r  r()2  ^  3  7r  n/q2  . 

This  is  the  only  dilatation  in  screw  dislocations,  but  in  edge  dis¬ 
locations  there  is  an  additional  strong  compression  on  one  side  of  the 
slip  plane  and  the  corresponding  dilatation  on  the  other.  This  com¬ 
pression  and  dilatation  amounts  to  the  insertion  and  omission,  respec¬ 
tively,  of  a  slice  of  material  one  half  Burgers  vector  thick,  accommodated 
over  the  diameter  of  the  core.  Hence,  the  core  dilatation  is  in  the 
order  of 


dt  b/2r0  =  ±  7 r  (1  —  cr)  /q. 

Taking  the  discussed  contributions  together,  the  dilatation  in  the  core 
of  a  dislocation  of  arbitrary  orientation  may  be  represented  as 

c  c  =  3  7r  n/q2  dz  [tt(1  —  <r)/q]  sin  <j>  ss  J(e  e)Max  (13) 

IV.  Numerical  Results 

When  values  are  inserted  into  eq.  8  according  to  eqs.  9,  10,  and 
11,  then  it  is  found  that,  within  the  approximations  employed  in  this 
paper,  there  is  no  binding  energy  between  vacancies  and  the  elastic 
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stress  fields  of  screw  dislocations  as,  for  these,  both  T  and  c  are  zero. 
For  the  elastic  stress  fields  of  edge  dislocations  one  finds,  from  eqs. 
8,  10,  and  11, 

±EB-[v(l+cr)  /x-  (2Ev  +  3ZykT)  (1  —  2<t)] 

AjL  sin  6/3  [x  r  ( 14) 

The  extreme  value  J_EB  can  assume  is  found  for  sin  =  hh  1  and  r  =  r0 
which,  as  discussed,  is  given  by  r0  ^  bq/ 2 n .  Thus, 

(  J_Eb  )  Max  —  [  V  ( 1  -f-  cr)  fi  —  (  2EV  -|-  3Z  y  k  T  )  ( 1  - —  2or )  ] 

/3q(l  —  or)  (15) 

Typically,  v  =  1.6  X  10-23  cm3,  fx  ~  5  X  1011  dynes/cm2, 

Ev  £*  leV  1.6  x  10  12  ergs,  Z  =  12,  y  ~  2  ,  <7  =  0.3  ,  q  s-  30,  while 

k  =  1.38  X  10“16  erg/°K,  so  that  (±EB)Max  is  in  the  order  of  [O.leV 

— -  O.OleV  — 4  X  10_5T  eV]  i.e.,  smaller  than  0.1  eV,  the  Cottrell  term 

being  dominant  at  all  temperatures. 

Employing  eq.  8  in  conjunction  with  eqs.  12  and  13,  and  remem¬ 
bering  the  superimposition  of  edge  and  screw  components,  the  binding 
energy  within  cores  of  mixed  dislocations  becomes 

i(Ec)Mal  =  Ee  =  ±-^-  sin<#>  +  (|  E,  +  ZykT) 

6  q 

[tt  ( 1  " — ■  <r )  sin  </>/q  ±  3^-n/q2]  (16) 

In  this  equation,  where  a  -j-  and  —  sign  appear  one  atop  the  other, 
the  upper  sign  refers  to  the  compressed  side  of  the  core,  and  the  lower 
sign  to  the  dilated  side. 

Comparison  between  eqs.  15  and  16  shows  that  the  first  term  in 
these,  representing  the  Cottrell  interaction,  is  about  the  same.  This  is 
not  surprising  since  it  was  assumed  that  the  average  stress  in  the  core 
amounts  to  about  rcrit  =  /x/q  ,  the  same  stress  as  acts  at  the  rim  of  the 
core.  However,  since  the  strains,  and  with  it  the  dilatations,  in  the 
cores  are  certainly  much  larger  than  they  are  in  the  elastic  reigons,  the 
terms  which  depend  on  c  are  a  few  times  larger  in  cores  than  they  are 
in  the  elastic  parts,  as  is  evident  from  comparing  eqs.  15  and  16. 

In  the  present  paper  a  few  simplifications  have  been  made,  which, 
however,  do  not  affect  the  result  to  any  significant  extent,  even  though 
the  equations  are  considerably  more  involved  without  them.  The  com¬ 
plete  equations  have  been  derived  in  a  previous  paper  ( Kuhlmann-Wils- 
dorf  1965)  and  have  been  evaluated  for  the  cases  of  copper,  silver  and 
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gold.  The  numerical  results  for  the  binding  energies  in  cores  of  screw 
and  edge  dislocations  in  these  metals  were  found  as  given  in  Fig.  1,  on 
the  assumption  that  n=2  and  Z=12.  It  is  likely  that  this  is  an  over¬ 
estimate.  A  smaller  value  of  n  will  primarily  affect  the  binding  energies 
for  screw  dislocation  cores,  since  these  are  nearly  proportional  to  rj . 
Binding  energies  in  edge  dislocations,  however,  are  only  slightly  affected 
by  moderate  changes  in  n. 

V.  Discussion 

The  results  of  the  theory  presented  here  are  startling  in  at  least  two 
respects:  Firstly,  the  binding  energies  between  vacancies  and  the  elastic 
stress  fields  of  dislocations  are  so  small  that  they  are  negligible  at  all 
temperatures  at  which  vacancies  are  mobile.  Hence,  the  capture  of 
supersaturated  vacancies  by  dislocations  can  occur  on  only  very  short 
range.  Secondly,  while  the  Cottrell  interaction  term  in  dislocation  cores 
may  have  been  underestimated  in  the  present  paper,  it  appears  highly 
unlikely  that  it  could  ever  assume  values  in  excess  of,  say,  J  eV,  which 
is  still  astonishingly  small.  Thus,  in  the  framework  of  the  present 
theory,  the  entropy  effect  will  always  predominate  at  high  temperatures. 
As  a  consequence,  vacancies  in  dislocation  cores,  (at  high  temperatures 
at  least),  are  not  attracted  to  the  compressed  parts  of  dislocation  cores 
but  are  attracted  to  the  dilated  parts. 

As  unexpected  as  the  said  results  initially  appear  to  be  from  the 
theoretical  viewpoint,  they  are  in  agreement  with  some  previously  unex¬ 
plained  experimental  observations.  In  particular,  the  theory  can  be  used 
to  explain  why  screw  and  mixed  dislocations  often  climb  more  readily 
than  edge  dislocations,  which  preivously  seemed  completely  illogical. 
Namely,  in  order  for  a  dislocation  to  climb  by  the  absorption  or  emis¬ 
sion  of  vacancies,  these  must  traverse  the  most  compressed  parts  of  the 
dislocation  core.  According  to  the  present  theory,  at  high  temperatures, 
vacancies  are  repelled  from  these  regions  in  the  case  of  edge  disloca¬ 
tions,  while  all  parts  of  screw  dislocations  exert  a  mild  attraction  on 
vacancies.  Further,  the  theory  presented  predicts  that  pipe  diffusion 
along  edge  dislocations  is  easy,  particularly  at  high  temperatures,  even 
though  the  dislocations  do  not  climb  easily.  Namely,  in  the  dilated 
parts  of  the  core  the  binding  energy  is  high  and  the  mobility  of  vacancies 
there  must  be  very  high.  This  prediction  is  in  accord  with  available 
experimental  evidence  which  could  not  be  understood  on  the  basis  of 
earlier  ideas  regarding  the  interactions  between  vacancies  and  disloca¬ 
tions. 


Summary 

A  theory  is  presented  which  predicts  that  the  binding  energy  be¬ 
tween  vacant  lattice  sites  and  dislocations  in  monovalent  metals  (and 
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presumably  in  all  metals)  is  negligible  everywhere  outside  of  the  dis¬ 
location  cores. 

Inside  of  the  cores,  the  vacancies  are  found  to  be  attracted  into 
the  dilated  parts  and  repelled  from  the  compressed  parts,  with  a  bind¬ 
ing  energy  which  rises  linearly  with  the  absolute  temperature.  The 
magnitude  of  this  interaction  energy  is  found  to  be  quite  significant, 
amounting  to  more  than  O.T  eV  at  the  center  of  edge  dislocations  in  gold 
at  its  melting  point,  assuming  that  the  parameters  are  correct  as  used. 
The  latter  result  is  the  opposite  from  that  of  previous  theory,  but  it  is 
in  apparent  harmony  with  some  important  experimental  observations. 
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Fig.  1:  Calculated  binding  energies  between  vacancies  and  disloca¬ 
tion  cores  in  copper,  silver  and  gold,  assuming  n  =  2  and  Z  =  12. 
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In  recent  years  interest  in  the  utilization  of  fishes,  particularly  marine 
species,  as  experimental  animals  has  increased.  In  the  search  for  species 
amenable  to  this  use,  many  investigators  have  chosen  the  hardy  eury- 
haline  species  belonging  to  the  genus  Fundulus. 

In  the  course  of  holding  these  animals  under  restricted  laboratory 
conditions,  problems  involving  parasitization  have  developed.  In  the 
summer  of  1964,  workers  at  our  Institute  experienced  great  difficulty  in 
maintaining  Fundulus  in  captivity,  and  large  numbers  of  experimental 
animals  died.  Examination  of  these  fish  revealed  them  to  be  heavily 
infested  with  monogenetic  trematodes  (mostly  gyrodactylids,  a  few  dac- 
tylogyrids). 

Inasmuch  as  severe  cases  of  parasitism  could  well  effect  experimen¬ 
tal  results  and  render  interpretation  difficult,  it  is  important  that  rela¬ 
tionships  between  experimental  animals  and  their  parasites  be  recognized 
and  dealt  with.  It  is  hoped  that  this  provisional  list  of  symbionts  of 
the  fundulid  cyprinidonts  will  be  of  help  in  this  regard. 

The  following  lists  of  parasites  and  bibliographic  data  have  been 
compiled  from  monographic  works,  check-lists  and  various  papers  in  the 
pertinent  fields.  Additional  records  from  the  researches  of  workers  at 
this  Institute  are  reported. 
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LOCK  TYPE,  FOLLICULAR  CHARACTERISTICS  AND 
MEDULLATION  IN  TEXAS  AND  SOUTH  AFRICAN 
ANGORA  DOES 

Lubow  A.  Margolena 
United  States  Department  of  Agriculture1 2 
Received  for  publication,  May  8,  1965 

United  States  exports  totalled  14.2  million  pounds  of  scoured  mohair 
in  1963,  which  is  13  per  cent  more  than  in  1962,* 2  3  and  it  appears  that 
both  domestic  and  foreign  agricultural  economists  expect  the  current 
upward  trend  to  continue.  Texas  produces  most  of  our  domestic  sup¬ 
ply  and  close  to  one-half  of  the  total  world  production. 

Although  Angora  goats  were  introduced  in  this  country  well  over  a 
century  ago,  little  basic  information  is  available  on  some  of  the  physical 
characteristics  of  mohair,  nor  is  there  agreement  on  what  constitutes 
the  most  desirable  type  of  locks.  One  usually  distinguishes  ringlet,  flat, 
and  straight  locks,  but  intermediate  forms  are  also  frequently  encoun¬ 
tered  (consult  Fig.  1). 

According  to  von  Bergen,  1963, 4  “Angora  breeders  generally  prefer  a 
well  developed  tight  lock  or  ringlet,  although  some  prefer  the  flat  lock, 
which  produces  a  very  desirable  type  of  mohair.”  Referring  further  to 
the  ringlet  type,  he  writes  also  that,  “It  is  the  type  most  strongly  asso¬ 
ciated  with  extreme  fineness  of  mohair.”  As  far  as  is  known  no  basic 
studies  have  been  made  to  substantiate  this. 

During  a  study  of  the  biology  of  hair  follicles  of  various  goats’  skins, 
a  number  of  Angora  locks  were  examined  for  incidence  of  medullated 
fibers,  follicular  disposition,  density  and  diameter  of  hair. 

MATERIALS  AND  METHODS 

Eleven  mid-dorsal  American  Angora  doe  skin  biopsies  and  corre¬ 
sponding  lock  samples  were  supplies  by  Dr.  Shelton5  of  the  Texas  Agri- 


^nimal  Husbandry  Research  Division,  ARS,  Sheep  and  Fur  Animal  Research  Branch,  Belts- 
ville,  Maryland. 

2Retired,  April  10,  1965. 

3Foreign  Agriculture,  March  23,  1963. 

4Wool  Handbook,  Vol.  1,  Interscience  Publishers,  New  York. 
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cultural  Experiment  Station  from  animals  of  the  McGregor  Texas  flock. 
Dr.  Van  Wyk4 5  of  the  Grootfontein  College  of  Agriculture,  Middleburg, 
C.  P.,  South  Africa,  furnished  nine  mid-dorsal  locks  and  skin  biopsies.6 
With  one  exception  (Texas  No.  97),  the  American  Angoras  were  all 
winter  specimens;  all  of  the  South  African  samples  were  obtained  in 
the  Southern  hemisphere  in  the  spring  of  the  year,  except  for  B-59-34. 

The  skin  biopsies  were  fixed  in  formalin.  After  dehydrating  and 
embedding  in  tissuemat,  the  tissue  blocks  of  each  were  cut  so  as  to 
present  both  cross  sections  and  vertical  sections  of  the  skin  and  follicles. 
The  sections  were  stained  and  mounted  in  permount. 

For  measuring  the  depth  of  follicular  penetration  in  the  skin,  magnif¬ 
ications  of  40X  were  used.  Magnification  of  120X  and  240X  were 
suitable  for  most  observations  of  other  characteristics  and  for  follicular 
counts. 


RESULTS  AND  DISCUSSION 

Let  us  remember  that  in  Angora  goats,  the  mohair  population  is 
produced  by  two  types  of  follicles:  the  primary  and  the  secondary  ones. 
The  follicles  which  develop  after  the  first  (primary)  generation  has  been 
established  are  usually  somewhat  smaller  than  the  former  and  are  known 
as  secondary  follicles.  They  frequently  have  sebaceous  glands,  but  never 
sudoriferous  glands.  The  latter  glands  are,  on  the  other  hand,  associated 
exclusively  with  the  primary  follicles.  The  number  of  secondary  follicles 
varies  within  a  group.  The  follicle  in  the  middle  of  a  typical  trio  primary 
is  the  central  one,  and  the  two  follicles  which  flank  it  are  referred  to  as 
lateral  ones. 

In  comparing  variations  in  density,  disposition  of  follicles  and  some 
features  not  presented  in  our  tables,  as  for  example,  the  incidence  and 
size  of  sebaceous  glands,  one  can  not  but  marvel  that  despite  decades 
of  selection  under  different  conditions  and  in  different  hemispheres, 
heredity  shared  in  common,  resulted  in  such  a  degree  of  likeness,  that 
it  is  hardly  possible  to  distinguish  microscopically  a  Texas  biopsy  from  a 
South  African  one  of  corresponding  age. 

In  Angora  specimens  examined,  the  primary  follicles  comprise  about 
10  to  16.5  per  cent  of  the  secondaries,  or  approximately  9-  to  14.5  per 
cent  of  the  samples. 


4lt  is  with  pleasure  that  I  express  here  our  gratitude  to  both  Dr.  Shelton  and  Dr.  Van  Wyk 
for  their  cooperation  in  obtaining  and  delivering  the  Angora  material. 

“Thanks  are  also  due  to  Dr.  L.  L.  Roux  of  the  Washington  Embassy  of  South  Africa  for  his 

continued  interest  in  our  work  and  for  his  good  offices  on  our  behalf  at  the  Grootfontein 
College. 
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The  following  tables  present  the  characteristics  of  follicles  responsible 
for  the  production  of  the  different  types  of  Mohair  locks. 

With  the  exception  of  biopsy  No.  56,  which  came  from  a  skin  pro¬ 
ducing  a  straight  lock  type  (Fig.  1,  Table  1),  none  of  the  Texas  speci¬ 
mens  included  in  this  study  showed  any  medullated  mohair  in  their  sec¬ 
ondary  follicles.  It  appears  that  skins  developing  ringlet  type  locks 
have  the  lowest  incidence  of  medullation  , while  mixed  and  flat  locks 
tend  to  be  intermediate. 

The  same  trend  is  exhibited  in  the  Grootfonlein  material.  Most 
South  African  samples  of  the  ringlet  type  (Fig.  2  and  3,  Table  2),  show¬ 
ed  follicles  with  medullation  rather  reduced  or  vestigeal,  and  always 
confined  to  the  central  primary  follicles.  This  results  in  a  fine  fleece 
carrying  IV2  or  even  less  per  cent  medullated  fibers,  and  in  NO  oase 
more  than  3M>  per  cent. 

From  observations  of  long  standing  we  know  that  medullated  mohair 
in  Texas  Angoras  may  or  may  not  be  reduced  to  some  extent  follow¬ 
ing  the  first  shedding  of  the  primary  follicles  in  kids  one  to  three  months 
of  age.  We  are  also  aware  of  the  fact  that  ringlet  locks  may  change  to 
intermediate  or  mixed  locks,  but  the  opposite  is  not  true;  that  is,  straight 
and  intermediate  locks  do  not  turn  into  ringlets.  The  general  trend  in 
maturing  skins  is  an  uncurling  of  the  fleece,  while  tightening  of  locks 
is  unheard  of. 

According  to  the  above  data,  the  non-medullated  fibers  make  up 
finer,  more  uniform  fleeces.  Since  they  appear  to  be  correlated  with 
the  ringlet  type  of  Angora  lock,  I  wonder  whether  selection  for  that  type 
of  lock,  accomapnied  by  careful  attention  to  the  well  established  desir¬ 
able  characteristics  would  not  be  worth  a  trial? 

SUMMARY 

A  study  in  the  relation  of  lock  type  with  follicular  and  mohair  char¬ 
acteristics  has  been  oarried  out  with  11  American  and  9  South  African 
doe  skin  biopsies.  These  observations  include  density,  follicular  dis¬ 
position  and  medullation,  as  well  as  diameter  of  mohair  of  the  corre¬ 
sponding  lock. 

Despite  decades  of  survival  and  selective  breeding  in  different  coun¬ 
tries  and  different  hemispheres,  common  heredity  carried  by  above  ani¬ 
mals  expressed  itself  in  such  a  degree  of  likeness  that  it  was  hardly 
possible  to  distinguish  between  biopsies  of  corresponding  age. 

Medullation  was  found  least  pronounced  in  the  mohair  of  skins  pro¬ 
ducing  ringlet  type  locks  and  most  persistent  in  samples  of  straight  as 
next  to  intermediate  types. 
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*  Based  on  counts  of  no  less  than  200  secondary  follicles  C — central 

*  Based  on  measurements  of  200  fibers,  courtesy  Wool  Laboratory,  L — lateral 

Sheep  and  Fur  Animal  Research  Branch.  P — medulla  present 

I — medulla  irregularly  present 
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Mohair  locks  of  Texas  Angora  does.  159,  56,  43,  and  97-  1  years  of  age;  8167-  2  years  old. 
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Mohair  locks  of  South  African  does  1  day  to  1  year  of  age. 


1966J  Lock  Type,  Follicular  Characteristics 


Fig.  3. 

Mohair  locks  of  South  African  does  2  to  6  years  of  age. 
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A  SYNTHESIS  OF  C14  -  LABELED  PYRENE 
Rico  P.  Gerber 

Research  Center,  Philip  Morris,  Inc. 

Richmond,  Virginia 

Received  for  publication,  April  28,  1965 

This  report  presents  a  sequence  for  the  preparation  of  C14— labeled 
pyrene,  a  preparation  which  has  not  been  previously  reported.  In  this 
sequence,  diphenoyl  chloride  (I)  was  used  as  the  starting  material, 
and  double  introduction  of  the  label  was  accomplished  with  diazome- 
thane-C14,  prepared  from  commercially  available  N-methyl-C14  -N-nitroso- 
p-toluenesulfonamide. 


C10C 


N2C*HCO 


COC1 


OCC*HN. 


I 


II 

HO 


1.  AgOBz,  EtOH 


2.  KOH,  MeOH 


OH 


III 


IV 


© 


P/HI 

195° 


» 


V 


1966] 


A  Synthesis  of  C14-Labled  Pyrene 


41 


A  series  of  experiments  were  carried  out  using  unlabeled  diazome¬ 
thane  to  establish  conditions  and  yields. 

The  Arndt-Eistert  synthesis  of  2,  2'-bis(  diazoacetyl) -biphenyl  (II) 
from  diphenoyl  chloride  has  been  described  by  Smith  and  Muth  (1953). 
This  procedure  was  modified  by  using  triethylamine  to  absorb  liberated 
hydrochloric  acid  (Newman  and  Beal,  1949)  in  order  to  conserve  the 
diazomethane.  The  yield  of  II  was  about  80%. 

The  rearrangements  of  diazoketones  to  the  homologous  acid  or  ester 
has  been  effected  by  ultraviolet  light  (Homer,  et  al,  1951),  by  silver 
oxide  in  aqueous  solution,  and  by  silver  benzoate  (Newman  and  Beal, 
1950).  I  found  that,  of  these  procedures,  the  use  of  silver  benzoate 
in  triethylamine  (the  modified  Wolff  rearrangement)  gave  the  highest 
yield  (30-42%  )of  biphenyl-2, 2'-diacetic  acid  (III)  via  the  diethyl  ester. 

Double  cyclization  of  III  to  yield  4,  9-dihydroxypyrene  (IV)  was 
effected  with  aluminum  chloride  and,  less  effectively,  with  tin  tetra¬ 
chloride.  However,  better  yields  of  IV  were  obtained  by  using  liquid 
hydrofluoric  acid.  The  intermediate  IV,  which  has  not  been  well  char¬ 
acterized  (Weitzenboeck,  1913),  had  an  ultraviolet  spectrum  similar 
to  that  of  pyrene.  The  phenolic  nature  of  IV  was  established  by  its 
infrared  spectrum  and  by  the  shifts  observed  in  its  ultraviolet  and  fluores¬ 
cence  spectra  in  alkaline  solution. 

The  elimination  of  the  phenolic  oxygen  in  the  last  step  of  the  syn¬ 
thesis  was  attempted  by  zinc  dust  distillation  and  by  heating  IV  to  300° 
in  a  melt  of  zinc,  zinc  chloride,  and  sodium  chloride.  The  yield  of 
pyrene  (V)  by  both  methods  was  less  than  5%.  A  by-product  which 
could  be  separated  only  with  difficulty  had  ultraviolet  and  fluorescence 
spectra  corresponding  to  those  of  3-methylpyrene.  It  was  formed  in  a 
yield  approximately  equal  to  that  of  V. 

Better  results  were  obtained  by  heating  IV  with  red  phosphorus 
and  excess  hydriodic  acid  (Weitzenboeck,  1913).  The  yield  of  V  after 
chromatographic  purification  was  20%.  During  chromatography  of  the 
crude  product,  a  colorless,  weakly  fluorescent  substance  immediately 
preceded  the  elution  of  pyrene  from  an  alumina  column.  The  infrared 
and  ultraviolet  spectra  of  this  substance  corresponded  to  those  reported 
for  4,5-dihydropyrene  by  Marvel  and  Wilson  (1958).  Dehydrogena¬ 
tion  of  this  compound  yielded  principally  pyrene.  Final  proof  that  this 
contaminant  arose  from  reduction  of  pyrene  was  obtained  by  treatment 
of  V  with  phosphorus  and  hydriodic  acid  under  the  same  conditions 
used  for  the  reduction  of  IV.  The  reaction  product  was  shown  by  gas 
chromatography  and  ultraviolet  and  infrared  spectrometry  to  be  a  mix¬ 
ture  containing  the  presumed  dihydropyrene  and  very  little  unreacted  V. 
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In  the  final  run,  0.004  mole  of  N-methyl-C14  -N-nitroso-p-toluene- 
sulfonamide  having  an  activity  of  1.0  me  was  used  with  0.001  mole  of 
diphenoyl  chloride.  The  overall  yield  of  pyrene-4,  9-C14  was  5.0%. 
The  pyrene  had  a  total  activity  of  28.85  /xc,  corresponding  to  a  specific 
activity1  of  490  /xc  per  millimole. 

Experimental 

Melting  points  were  determined  on  a  Fisher-Johns  hot  stage  appa¬ 
ratus  and  corrected. 

Diphenoyl  chloride  (1)  —  Purified  diphenic  acid  was  reacted  with 
either  thionylchloride  or  phosphorus  pentachloride  according  to  usual 
procedures.  Of  the  two,  phosphorus  pentachloride  gave  the  better  results 
in  that  it  yielded  a  pure  white  product,  m.p.  96°. 

2,2' -Bis  (diazoacetyl)-biphenyl  (II)  —  Diazomethane  was  prepared 
from  860  mg  (0.004  mole)  of  fresh  N-methyl-N-nitroso-p-toluenesulfona- 
mide  according  to  “Preparation  of  diazomethane  from  Diazald,”  procedure 
II  (Aldrich  Chemical  Company)2.  The  ethereal  solution  was  stored  over 
potassium  hydroxide  pellets  for  40  minutes  in  an  ice  bath,  then  decanted 
into  an  Erlenmeyer  flask.  The  flask  was  embedded  in  salt/ ice  mixture 
in  a  Dewar  container.  To  this,  220  mg  (0.0022  mole)  of  triethylamine 
was  added.  At  this  point,  the  effective  yield  of  diazomethane  was  about 
60%,  as  previously  determined  under  similar  conditions  in  this  laboratory. 
Then  290  mg  (0.001  mole)  of  I  in  ether  was  filtered  into  the  gently 
agitated  flask  from  a  dropping  funnel.  The  reaction  mixture  was  allowed 
to  stand  overnight  at  -20  to  -15°,  after  which  the  solids  were  removed 
by  filtration  and  washed  with  water  to  dissolve  the  amine  hydrochloride 
without  disturbing  product  II  which  was  dried  in  a  desiccator.  The 
ethereal  filtrate  containing  the  rest  of  II  was  briefly  shaken  with  water, 
separated,  and  dried  over  sodium  sulfate.  Upon  concentrating  and  cool¬ 
ing,  a  dense  yellow  powder  crystallized.  The  total  yield  of  II  was  227 
mg  (78%);  m.p.  134-135°  with  decomposition,  lit.  134-135°  dec.  (Smith 
and  Muth,  1953).  Recrystallization  (benzene/hexane)  was  usually  not 
necessary. 

Biphenyl-2,  2' -diacetic  acid  (III)  —  Method  A  —  Photorearrange¬ 
ment  was  effected  using  a  General  Electric  high  pressure  mercury  lamp 
fitted  with  a  cooling  jacket  made  of  “Vycor”  glass  and  immersed  in  the 
solution  to  be  irradiated  (ca.  180  ml).  The  solution  was  also  cooled 


Radioactivities  were  determined  with  a  Tracerlab  liquid  scintillation  counter. 

Advertisement  text  abstracted  from  de  Boer,  T.  J.  and  Backer,  H.  J.,  1954.  A  new 
Method  for  the  Preparation  of  Diazomethane,  Rec.  Trav.  Chim.  73:229-234. 
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from  the  outside  so  as  to  remain  at  0-5°.  Solutions  of  II  in  dioxane/ 
ether/ water  (9:9:1)  were  irradiated  until  the  evolution  of  nitrogen  ceased. 
The  dark  amber  crude  products  were  taken  up  in  ether.  Repeated  base 
extraction  and  precipitation,  anion  exchange  resin  separation,  isolation 
of  the  calcium  salt,  and  carbon  treatments  were  employed  in  the  purifica¬ 
tion  without  satisfactory  results.  Acid  of  better  quality  was  obtained 
from  irradiated  absolute  ethanolic  solutions,  which  were  worked  up  as 
described  below.  Yeilds  of  III  did  not  exceed  30%. 

Method  B  —  227  mg  of  II  was  dissolved  in  absolute  ethanol  (40 
ml)  in  an  Erlenmeyer  flask  with  magnetic  stirring.  A  saturated  solu¬ 
tion  of  freshly  prepared  dry  silver  benzoate  in  triethylamine  was  added 
dropwise  until  reaction  occurred.  With  more  added  catalyst,  the  mix¬ 
ture  turned  dark  brown  and  was  filtered  through  a  fine  fritted-glass 
filter.  Additions  of  catalyst  were  repeated  until  no  further  nitrogen 
evolution  could  be  observed  (about  three  hours).  The  mixture  was 
then  boiled  briefly  with  activated  charcoal  and  Celite  filter  aid  and 
filtered.  After  removing  the  alcohol  in  a  rotary  evaporator,  the  crude 
product  was  taken  up  in  ether.  It  was  washed  successively  with  diluted 
hydrochloric  acid,  2N  sodium  carbonate  solution,  and  water,  and  was 
then  dried.  Chromatography  on  alumina  with  ether  as  eluent  gave  a 
pink  first  fraction  which  was  concentrated  and  refluxed  with  methanolic 
potassium  hydroxide  for  two  hours.  After  distilling  off  excess  solvent, 
the  residue  was  diluted  with  water  and  extracted  with  ether.  The  acidi¬ 
fied  aqueous  solution  (6N  hydrochloric  acid)  was  twice  extracted  with 
ether  to  give  an  almost  colorless  extract.  Its  residue,  after  two  crystal¬ 
lizations  from  benzene  and  benzene/hexane,  respectively,  yielded  85.6 
mg  (41%)  of  white  acid  III,  m.p.  151-152°,  lit.  149-152°,  152°  (Smith 
and  Muth,  1953;  Kenner  and  Turner,  1911). 

Ill  was  reacted  with  thionylchloride  in  benzene/ether.  The  crude 
dichloride  was  then  reacted  with  excess  concentrated  aqueous  ammonia 
in  a  tight  screw-cap  bottle  for  two  days.  Recrystallization  from  aqueous 
solution  yielded  biphenyl-2, 2'-diacetamide,  m.p.  214°,  lit.  210-211° 
(Kenner  and  Turner,  1911). 

4,9-Dihydroxypyrene  (IV)  —  Method  A  —  In  an  experiment  typical 
of  those  done  by  the  FriedebCrafts  procedure,  100  mg  of  III  was  con¬ 
verted  into  the  acid  chloride  with  0.15  ml  of  thionylchloride  in  benzene/ 
ether  and  the  solvent  was  then  removed  under  vacuum.  The  residue 
was  taken  up  in  benzene  or  in  carbon  disulfide  and  treated  overnight 
with  120  mg  of  dry  aluminum  chloride  at  room  temperature  under  anhy¬ 
drous  conditions.  The  complex  mixture  was  then  carefully  decomposed 
with  6N  hydrochloric  acid  and  extracted  with  ether.  The  extract  was 
washed  successively  with  diluted  hydrochloric  acid,  water,  IN  sodium 
carbonate  solution,  water,  and  was  dried  to  yield  a  brown  residue. 
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In  several  test  runs,  the  purity  of  IV  was  estimated  by  ultraviolet 
spectrophotometric  evaluation  based  on  Amax  243  (e  63,100).  This 
value  was  extrapolated  from  data  of  other  hydroxypyrenes  found  in  the 
literature.  Effective  yields  (%  by  weight  x%  purity)  were  higher  for 
the  hydrofluoric  acid  method,  up  to  80%  in  larger  runs,  ca.  60%  in 
the  final  run  Amethano1  378,  358,  343,  329,  276,  266,  243,  234  m^; 
Amax  243  m^;  Aa  350  m^;  Ae  383  m^.  Absorption  and  activation  peaks 
showed  the  expected  shift  to  longer  wavelengths  in  base.  vKBr  3380  (OH- 
stretching),  1320,  1251  cm-1. 

Method  B  —  The  acid  III  was  treated  overnight  with  10  ml  of 
liquid  hydrofluoric  acid  in  a  closed  polyethylene  bottle  with  a  narrow 
side  tube.  After  the  remaining  reagent  had  been  driven  off,  the  residue 
was  taken  up  in  ether,  washed  with  water  and  bicarbonate  solution 
until  neutral,  washed  once  with  IN  sodium  carbonate,  water,  and  dried. 
The  light  brown  residue  weighed  66.7  mg. 

Pyrene  (V)  —  The  crude  IV  was  intimately  mixed  with  70  g  of  red 
phosphorus  and  placed  in  a  heavy  Pyrex  ampoule  together  with  2.5  ml 
of  50%  hydriodic  acid.  The  sealed  ampoule  was  heated  for  five  hours 
at  195°  in  a  protective  steel  tube.  The  ampoule  was  cooled  before  it 
was  opened  mechanically.  The  contents  were  transferred  to  a  beaker, 
and  the  glass  parts  were  carefully  rinsed  with  ether  and  benzene.  The 
acid  was  diluted  and  neutralized  with  small  additions  of  sodium  bicar¬ 
bonate.  Sodium  sulfite  prevented  the  oxidation  of  iodide.  The  two 
phases  were  then  separated  in  a  funnel.  The  organic  phase  was  washed 
with  water,  washed  twice  with  2N  sodium  hydroxide,  rewashed  with 
water  until  neutral,  and  then  dried  over  sodium  sulfate.  The  dried 
residue  (49  mg)  was  chromatographed  on  alumina  (activity  I). 
Collected  fractions: 

1.  n-hexane,  25  ml,  no  residue. 

2.  15%  benzene  in  n-hexane.  While  the  blue  fluorescent  pyrene 

zone  slowly  moved  downward,  a  white  solid  weakly  fluorescent 

material  was  eluted. 

3.  15%  benzene  in  n-hexane,  50  ml,  10.9  mg 

4.  15%  benzene  in  n-hexane,  100  ml,  1.1  mg 

Gas  chromatography  (Perkin  Elmer  800;  SE-30  column;  240°,  9  ml/ 
min.)  showed  fraction  2  to  be  a  mixture  containing  a  little  pyrene  and 
three  other  components.  Fraction  3  contained  one  minor  component 
besides  pyrene  (83%  of  combined  peak  area)  due  to  partial  overlapping 
with  fraction  2.  Fraction  4  was  pure  pyrene. 

Ultraviolet  spectra:  Fraction  2:  ^hexane  345,  342,  334^  329,  319, 
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298,  286,  281,  258  m /x;  Amax  258  Fraction  3:  Pyrene  spectrum 

with  minute  deviations;  fluorimetry:  Pyrene  (Aa  338  m/x ;  AE  382  m^) . 
Fraction  4  showed  pyrene  spectrum. 

Infrared  spectra:  Fraction  2:  v  KBr  3055,  2940,  2835,  832,  757, 
724  cm-1.  The  spectra  obtained  of  the  radioactive  pyrene  corresponded 
to  those  of  unlabeled  pyrene. 


Summary 

Diphenoyl  chloride  was  homologized  with  diazomethane-C14  and 
converted  by  the  modified  Wolff  rearrangement  to  labeled  biphenyl-2, 2'- 
diacetic  acid.  Ring  closure  by  hydrofluoric  acid  was  followed  by  reduc¬ 
tion  with  red  phosphorus  and  hydriodic  acid.  The  chemical  yield  of 
pyrene-4, 9-C1 4  was  5%;  its  specific  activity  was  490  /xc  per  millimole. 
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A  PLANT-INSECT  RELATIONSHIP  IN  RUELL1A  L.  ( Acanthaceae ) 
COINCIDENTAL  TO  AUTOGAMOUS  POPULATIONS 

Leonard  J.  Uttal 
Madison  Heights ,  Va. 

Received  for  publication,  March  25,  1965 

An  interesting  by-product  of  recent  studies  in  Ruellia  (Long  &  Uttal, 
1962;  Long,  1964;  Uttal,  1965)  is  the  discovery  of  a  coincidental  rela¬ 
tionship  between  insect  parasitism  of  the  plants  and  peculiar  reproduc¬ 
tive  patterns  of  the  genus  in  eastern  North  America.  While  briefly 
mentioned  before  ( loc .  cit.)  this  biotic  relationship  has  never  been  de¬ 
scribed  in  detail.  Because  its  effects  upon  the  plants  may  warrant  con¬ 
sideration  by  systematists,  this  is  done  now. 

Investigators  (loc.  cit.)  have  ascertained  that  most  plants  of  Ruellia 
of  eastern  North  America  commence  flowering  in  spring  with  open  (chas- 
mogamous)  flowers  which  are  peculiarly  non-productive.  This  is  follow¬ 
ed  in  late  summer  and  fall  by  a  sequence  of  productive,  non-opening 
(cleistogamous)  flowers.  Cleistogamy  is  not  necessarily  the  only  pro¬ 
ductive  phase,  as  Long  (1964)  reports  variability  patterns  in  south  Florida 
populations  characteristic  of  outbreeding  plants,  as  well  as  populations 
which  are  apparently  mostly  inbreeding.  He  suggests  there  may  be  geo¬ 
graphic  variation  in  reproductive  behavior  in  Ruellia.  It  has  also  been 
observed  that  self-pollination  can  occur  in  open  (chasmogamous)  flowers 
in  plants  kept  indoors  secure  from  insect  visitors.  Cleistogamy  is  reported 
in  the  paniculate  species  of  Texas  by  Tharp  and  Barkley  (1949),  and 
this  writer  has  observed  it  in  species  native  to  tropical  America.  It  is 
also  apparent  on  herbarium  specimens  of  certain  species  collected  in 
tropical  Africa. 

Early  writers  did  not  suspect  the  prevalence  of  cleistogamy  in 
Ruellia,  or  when  observed  in  certain  species,  as  in  R.  strepens  L.  and  R. 
Purshiana  Fern.,  it  was  mistakingly  regarded  as  genotypic,  as  by  Fernald 
(1945),  who  proposed  infraspecific  taxonomic  status  for  the  cleistoga¬ 
mous  plants  even  while  admitting  perplexity  regarding  the  apparent  steril¬ 
ity  of  the  open-flowered  plants.  Where  the  widespread  tendency  to  in- 
breeding  (autogamy)  in  Ruellia  has  not  been  recognized,  resultant  taxo¬ 
nomic  systems  have  been  complex  and  difficult  to  use.  As  speciation 
in  Ruellia  becomes  better  understood,  it  is  likely  simpler  systems  will 
result. 

Long  (ib.),  in  Florida,  and  this  writer,  in  Virginia,  separately  at¬ 
tempting  artificial  crossing  experiments  with  several  species  of  Ruellia, 
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were  both  frustrated  by  lepidopterous  larvae  destroying  the  ripening 
seeds.  Long  finally  moved  his  plants  indoors,  while  I  protected  mine 
with  cheesecloth  tents.  Then  we  succeeded  with  our  hybridizing  experi¬ 
ments  and  determined  that  the  species  of  eastern  North  America,  com¬ 
prising  the  section  Dipterocanthus  Nees.,  are  interfertile  (as  far  as  tested, 
apparently  the  various  sections  of  Ruellia  are  intersterile) . 

For  five  seasons,  this  writer  has  grown  plants  of  Ruellia  of  differ¬ 
ent  taxonomic  sections  from  various  sources  in  his  garden  in  central  Vir¬ 
ginia.  Despite  closeness  of  plants  to  each  other,  only  one  case  of  rec¬ 
ognizable  putative  hybridization  has  appeared  (R.  strepens  x  R.  caro- 
liniensis  (Walt.)  Steud.).  The  early  seed  production  is  virtually  com¬ 
pletely  destroyed  by  the  same  larvae  encountered  in  the  crossing  experi¬ 
ments.  Depredation  declines  by  late  summer  at  the  same  time  that  the 
plants  are  entering  their  self-pollinating,  closed-flower  phase.  By  the 
time  the  insect  parasite  is  no  longer  present,  the  plants  are  becoming 
increasingly  productive  by  self-pollination,  and  continue  so  until  frost. 
In  Florida  and  in  Virginia,  the  same  insect-plant  relationship  is  observed 
in  wild  populations.  Considering  the  vicissitudes  attending  natural  dis¬ 
semination,  the  entomological  hazard  concentrated  upon  any  chance  prod¬ 
uct  of  cross-pollination,  and  the  fruitfullness  of  the  late,  self-pollinating 
plants,  it  appears  that  autogamy  is  the  prevailing  method  of  reproduc¬ 
tion  of  Ruellia  plants  of  eastern  North  America. 

Specimens  of  larvae  taken  from  capsules  of  R.  strepens  were  deter¬ 
mined  by  Dr.  E.  L.  Todd,  of  the  Insect  Identification  Division  of  the 
Agricultural  Research  Service,  to  be  an  undescribed  species  of  Cobubatha 
(Zeller),  a  Noctuid  moth,  previously  collected  in  Florida,  Maryland, 
Illinois,  Missouri,  Oklahoma,  “possibly”  in  Texas,  and  now  in  Virginia. 
It  is  one  of  two  species  of  Cobubatha  known  from  the  United  States,  the 
other  being  C.  quadrifera  (Z.)  in  Texas.  This  species  was  collected 
from  R.  Rrittoniana  Leon.,  near  Brownsville,  in  1951.  No  other  plant 
genus  has  yet  been  reported  as  host  to  Cobubatha. 

Little  is  known  of  the  genus  Cobubatha ,  according  to  Dr.  Todd, 
Noctuid  specialist  (pers.  comm.).  He  believes  it  ranges  from  the  north 
central  United  States  to  south  Brazil,  which  territory  encompasses  much 
of  the  distribution  of  Neotropical  Ruellia.  Nothing  is  apparently  known 
of  insect  relationships  of  the  Ruellia  of  the  eastern  hemisphere.  Cobuba¬ 
tha  is  an  American  genus  with  close  relatives  in  the  Old  World. 

The  coincidental  relationship  between  this  parasitism  of  Ruellia  by 
Cobubatha  has  been  empirically  observed  and  needs  testing  to  deter¬ 
mine  if  there  is  a  possibility  it  is  an  integral  biotic  relationship  of  mutual 
adaptation.  Such  integral  relationships  are  well  known  between  plants 
and  insects  particularly  relating  to  the  process  of  pollination.  Less  is 
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known  about  particular  seed-destroying  insects  associated  with  reproduc¬ 
tive  adaptations  in  plants. 


Summary 

Plants  of  Ruellia  of  eastern  North  America,  functionally  allogamous 
in  chasmogamy,  seldom  fruit  in  that  phase,  appearing  to  depend  on  the 
cleistogamous  phase  for  continuance.  This  results  in  a  preponderance 
of  autogamous  populations  with  consequent  taxonomic  difficulty.  Coin¬ 
cidental  to  this  reproductive  pattern  is  the  fact  that  Ruellia  is  host  to  the 
seed-destroying  larvae  of  Cobubatha,  which  eliminate  most  of  the  product 
of  cross-pollination,  but  whose  life-cycle  permits  the  product  of  self-pol¬ 
lination.  It  is  not  known  if  this  relationship  is  chance  or  represents 
mutual  adaptation,  but  it  is  suggested  that  seed-destroying  insects  can 
affect  reproductive  methods  in  select  cases,  as  in  Ruellia. 
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LETTERS 

WHY— A  STATE  ACADEMY? 

An  article  came  across  my  desk  recently  suggesting  that  many  state 
academies  of  science  serve  no  real  purpose  in  the  scheme  of  things  — 
that  in  fact  they  are  moribund  and  will  soon  pass  to  their  just  rewards. 
Assuming  the  general  validity  of  this  pronouncement,  which  is  doubtful 
in  the  first  place,  one  wonders  if  it  could  possibly  apply  to  the  Virginia 
Academy  of  Science.  Brief  documentation  will  be  helpful  in  this  con¬ 
nection. 

The  multi-varied  activities  of  the  Academy  last  year  (1964-65) 
under  the  very  able  leadership  of  President  S.  S.  Obenshain  and  the 
watchful  eye  of  Executive-Secretary  Rodney  C.  Berry  show  its  robust 
vigor. 

The  Junior  Academy  had  one  of  its  most  successful  annual  meet¬ 
ings  with  the  largest  number  of  young  scientists  participating  on  record. 
The  search  for  and  the  recognition  of  science  talent  among  the  youth  of 
Virginia  was  carried  forth  with  the  usual  competence  and  enthusiasm. 
A  new  Visiting  Scientists’  program  for  stimulating  the  interest  of  secondary 
school  students  in  science  was  planned  and  will  be  inaugurated  this  year. 
Both  the  Junior  Academy  and  Visiting  Scientists’  program  receive  major 
support  from  NSF. 

The  Academy  at  its  annual  meeting  sponsored  a  successful  confer¬ 
ence  on  post  high  school  technical  education  in  Virginia;  made  three 
important  awards,  as  follows:  for  the  best  scientific  paper  of  the  year, 
to  a  member  rendering  distinguished  service  to  the  Academy,  and  to  the 
best  biology  teacher  of  the  year;  sponsored  an  address  by  an  internation¬ 
ally  known  scientist.  In  addition,  the  members  of  the  Academy  listened 
to  hundreds  of  technical  papers  given  by  fellow  scientists. 

The  Academy  raised  its  voice  in  support  of  the  State  Board  of  Edu- 
cat  on’s  current  effort  to  improve  the  certification  requirements  for 
teachers  of  science. 

These  many  activities,  made  possible  by  untold  hours  of  work  by 
hundreds  of  voluntary  workers,  give  the  lie  to  the  Virginia  Academy’s 
being  moribund.  As  further  evidence  of  its  vigor,  245  new  members 
joined  the  Academy  last  year.  The  Academy  has  also  shown  resolve  and 
direction  in  pursuing  its  purpose  for  being,  namely:  to  advance  science 
and  science  education  in  Virginia. 

What  does  the  future  hold  for  the  Academy?  An  immediate  goal 
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should  be  to  greatly  increase  the  membership.  The  Academy  should 
have  ten  times  the  number  of  science  teachers  as  at  present,  five  times 
the  industrial  scientists,  twice  the  number  of  college  faculty  members, 
a  substantial  contributing  membership  from  each  institution  of  higher 
learning,  and  100  new  business  members.  Why  new  members?  Yes, 
additional  funds  are  needed  to  organize  symposia,  for  publications,  and 
most  of  all  for  increasing  the  Academy’s  effort  in  finding,  stimulating, 
supporting  young  science  talent.  A  more  important  reason  for  a  larger 
membership  is  that  the  Academy  needs  the  assistance  of  many  more 
responsible  individuals  from  all  segments  of  the  scientific  community. 
New  members  soon  find  that  the  Academy  offers  many  rewarding  experi¬ 
ences. 

The  Academy  needs  to  establish  better  rapport  with  other  segments 
of  our  society  —  with  the  arts,  with  business  and  industry,  and  with 
government— in  order  that  the  goals  of  the  commonwealth  can  be  better 
understood,  coordinated,  and  attained. 

As  the  only  organization  in  Virginia  that  represents  all  scientific 
disciplines,  the  Academy  must  earn  the  right  to  speak  with  authority  on 
science  in  public  affairs. 

Roscoe  D.  Hughes,  MCV,  Richmond 
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Letters 

A  STATISTICAL  SCIENCE  MUSEUM 

The  Academy  has  supported  the  establishment  of  a  State  Science 
Museum  for  many  years  through  resolutions,  through  discussions  with 
members  of  the  legislature  and  the  state  government,  and  through  the 
supplying  of  members  for  service  on  various  committees.  These  actions 
have  come  to  naught  because  of  the  inability  to  strike  a  responsive  chord 
among  our  elected  representatives  to  the  General  Assembly. 

The  purpose  of  this  letter  is  to  bring  to  the  attention  of  the  Academy 
membership  several  recent  developments  relating  to  the  Science  Museum. 
First,  a  recent  suggestion  by  Mr.  Leslie  Cheek,  Director  of  the  Virginia 
Museum  of  Fine  Arts,  makes  the  development  of  a  State  Science  Museum 
timely,  practical,  and  financially  feasible.  Mr.  Cheek  suggested  that 
science  displays  with  a  central  theme  be  placed  in  a  vehicle  which 
would  travel  around  the  State.  These  displays  would  be  replaced  regu¬ 
larly  and,  when  removed,  would  be  the  nucleus  of  permanent  exhibits. 
The  use  of  such  a  procedure  would  have  two  very  important  consequences: 
the  displays  would  be  made  available  to  the  State  as  a  whole,  and  the 
displays  could  be  of  great  assistance  in  augmenting  the  visual  aids  of  the 
State  Department  of  Education.  The  displays  could  be  taken  to  various 
schools  around  the  State  which  requested  them.  For  example,  it  should 
be  possible  to  develop  a  portable  planetarium  which  could  be  used  to 
assist  in  teaching  elementary  principles  of  astronomy. 

Second,  a  special  committee  of  the  Department  of  Conservation  and 
Economic  Development  studied  the  question  of  a  State  Science  Museum 
this  summer  and  unanimously  endorsed  the  formation  of  such  a  museum. 
This  committee  recommended  to  the  Governor  and  General  Assembly 
that  funds  be  appropriated  to  employ  consultants  for  the  preparation  of 
estimates  of  the  cost  of  operation  on  a  modest  scale  and  for  phased 
increases  in  the  activities  of  the  Museum. 

Third,  the  Academy’s  Museum  of  Science  Committee,  with  J.  Ives 
Townsend  as  Chairman,  made  a  report  to  the  Council  in  October.  The 
important  points  in  this  report  are  the  following:  (1)  The  museum 
should  be  concerned  with  the  broad  spectrum  of  natural  sciences.  (2) 
The  Museum  of  Science  should  participate  in,  or  be  closely  associated 
with,  research  programs  that  will  broaden  our  understanding,  and  in¬ 
crease  our  use  of  Virginia’s  natural  resources.  (3)  The  Museum  should 
function  by  attracting  people  to  a  central  location  and  by  taking  exhibits, 
lectures,  films,  etc.,  to  communities  throughout  the  State.  (4)  The  Muse¬ 
um  should  be  under  the  auspices  of  the  Commonwealth, 

Members  of  the  Academy  who  have  strong  feelings  about  a  State 
Science  Museum  may  send  their  comments  to  me  for  collective  presenta¬ 
tion  in  case  a  hearing  is  held  before  the  General  Assembly  at  this  session. 

Henry  Leidheiser,  Jr. 

Virginia  Institute  for  Scientific  Research 
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THE  J.  SHELTON  HORSLEY  RESEARCH  AWARD 

FOR  1966 

OF  THE  VIRGINIA  ACADEMY  OF  SCIENCE 

To  the  author  of  a  highly  meritorious  research  paper,  the  Academy 
presents  the  J.  Shelton  Horsley  Research  Award.  From  papers  submitted 
for  consideration  each  year,  the  Research  Committee  may  select  an  award 
winner.  This  award  is  the  highest  honor  the  Academy  can  bestow  for 
original  research,  and  its  presentation  is  the  highlight  of  the  Academy 
Assembly  at  the  annual  meeting.  An  engraved  certificate  and  an  award 
of  $500  are  presented  to  the  winner.  Some  statements  concerning  the 
award: 

1.  Two  copies  of  each  competing  paper  should  be  submitted  to  the 
appropriate  Section  Secretary  by  March  25,  1966.  Secretaries  are  requested 
to  forward  submitted  papers  to  Dr.  Edward  Stevenson,  Department  of 
Electrical  Engineering,  University  of  Virginia,  Charlottesville,  Virginia,  not 
later  than  April  1,  1966.  Papers  received  after  this  date  may  not  be  con¬ 
sidered  by  the  Research  Committee. 

2.  The  author  must  present  the  paper  in  the  appropriate  section  pro¬ 
gram  at  the  annual  meeting. 

3.  The  paper  must  represent  original  research  carried  out  by  the 
author  while  a  member  of  the  Academy. 

4.  a.  A  published  paper  to  be  eligible  must  have  been  published 
after  May  1,  1965— reprints  of  such  papers  may  be  submitted. 

b.  If  the  entry  has  not  been  published,  it  is  recommended  that 
the  paper  submitted  be  suitable  in  length  and  content  for  publication  in  a 
scientific  journal. 

5.  Outstanding  scientists  outside  the  state  will  be  asked  to  aid  in  the 
evaluation  of  the  papers. 

6.  No  person  will  be  awarded  the  prize  more  than  once. 
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SERENDIPITY  IN  PSYCHOLOGY1 

William  M.  Hinton, 

Washington  and  Lee  University 

As  I  review  my  long  association  with  psychology,  most  of  it  as  a 
teacher  of  undergraduates,  two  concerns  of  general  importance  which  have 
puzzled  me  seem  to  stand  out.  The  first,  dealing  with  the  classification 
problems  of  psychology,  coincides  with  the  embryonic  stages  of  my  career 
and  the  second,  the  identification  of  factors  contributing  to  creative 
research,  is  of  more  recent  vintage. 

More  years  ago  than  I  like  to  think,  a  friend  who  was  teaching  at  a 
neighboring  liberal  arts  college  invited  me  to  talk  to  his  psychology  majors 
on  a  topic  of  my  own  choosing.  Being  a  gentleman  as  well  as  a  scientist, 
he  was  able  to  constrain  himself  when  the  title  of  my  talk,  “How  Scientific 
Can  Psychology  Afford  to  Be?”,  was  announced.  Actually  my  question 
was  not  so  naive  as  it  may  seem.  I  was  struggling  with  the  typical  Ameri¬ 
can  dilemma  of  the  relationship  between  psychology  and  applied  prob¬ 
lems.  I  could  not  accept  Titchener’s  (1898)  limitation  of  the  scope  of  psy¬ 
chology  (Boring  1961),  and  yet  at  the  same  time  it  was  quite  difficult  to 
classify  certain  activities  which  either  were  related  to  or  were  labeled 
psychology. 

The  late  Jack  Jenkins  (1935)  solved  this  dilemma  for  me  with  his 
distinction  between  “psychotechnology”  and  “arts  of  practice.”  Without 
entering  the  argument  as  to  how  scientific  psychology  was,  he  pointed  out 
that  the  shift  to  controlled  observation  advanced  psychology  in  much  the 
same  fashion  as  it  did  physics  and  chemistry  after  their  divorce  from 
methods  of  casual  observation  and  that  this  set  the  stage  for  the  use  of  the 
same  approach  in  industry.  This  application  of  the  scientific  method  to 
applied  problems  he  called  psychotechnology,  and  he  distinguished  it  from 
the  psychological  arts  of  practice  which  included  all  those  attempts  to  deal 
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with  specific  cases  as  they  arise  in  real  life  situations.  In  other  words, 
psychotechnology  is  a  research  discipline,  whereas  the  arts  of  practice 
constitute  an  administrative  body  of  facts  and  skills  from  all  sources,  includ¬ 
ing  psychotechnology,  which  utilizes  the  results  of  past  experience  in  deal¬ 
ing  with  a  specific  case  or  person.  It  is  unfortunate  that  we  permit  se¬ 
mantic  difficulties  to  plague  us  in  psychology  as  we  persist  in  using  identical 
labels  for  the  researcher  and  the  arts  practitioner. 

The  second  and  current  concern,  the  basis  for  this  paper,  may  be  no 
more  than  a  “straw  man”  since  I  concur  completely  with  the  following 
quotation  from  Webb’s  1960  Presidential  Address  to  the  Southern  Society 
for  Philosophy  and  Psychology: 

Although  I  am  concerned  with  selecting  a  problem  beyond  the  routine 
and  “successful”  experiment,  ....  I  do  not  wish  to  disparage  the  necessary 
place  of  routine  experiments,  i.e.,  well  conducted  experiments  which  fill  in 
and  extend  those  more  creative  ones.  I  think  that  even  the  most  cursory 
consideration  of  the  history  of  science  reveals  that  the  “original”  or  the 
“important”  experiment  almost  inevitably  pushes  out  from  routine  work  that 
has  preceded  it  and  is  further  dependent  upon  the  supportive  routine  ex¬ 
periments  for  their  fruition  into  the  field.  Most  definitely,  I  would  con¬ 
tend  that  it  is  far  more  important  to  do  a  routine  experiment  than  no  experi¬ 
ment  at  all  (p,  223).  It  is  my  conviction,  however,  that  there  is  currently 
such  an  emphasis  on  volume,  research  design  and  models  that  the  oppor¬ 
tunities  for  serendipity  are  being  minimized. 

Serendipity  is  a  term  that  was  coined  by  Horace  Walpole  in  1754  in 
allusion  to  a  tale,  “The  Three  Princes  of  Serendip,”  who  in  their  travels 
were  always  discovering  by  chance  or  sagacity  things  they  did  not  seek. 
It  is  defined  in  Webster’s  New  International  Dictionary  as  “The  gift  ot 
finding  valuable  things  not  sought  for”  and  in  the  Britannica  World  Lan¬ 
guage  Dictionary  as  “the  faculty  of  happening  upon  or  making  fortunate 
discoveries  when  not  in  search  for  them.”  However,  its  usage  in  reference 
to  a  research  component  stems  from  Walter  Cannon’s  fascinating  little 
book,  The  Way  of  An  Investigator.  Merton  (1948)  supplements  Cannon 
by  assigning  a  dvnamic  attribute  to  what  he  calls  the  “Serendipity  Pattern.” 
He  asserts  that  “fruitful  empirical  research  not  only  tests  theoretically 
derived  hypotheses;  it  also  originates  new  hypotheses.  This  might  be 
termed  the  serendipity  component  of  research,  i.e.,  the  discovering,  by 
chance  or  sagacity,  of  valid  results  which  were  not  sought  for.”  He  ex¬ 
tends  his  concept  of  this  patern  by  describing  its  elements  as  follows: 

The  datum  is,  first  of  all,  unanticipated.  Secondly,  the  observation 
is  anomalous,  suprising,  either  because  it  seems  inconsistent  with  prevail¬ 
ing  theory  or  with  other  established  facts.  In  either  case  the  seeming 
inconsistency  provokes  curiosity  .  .  .  And  thirdly,  in  noting  that  the 
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unexpected  fact  must  be  “strategic/’  i.e.,  that  it  must  permit  of  impli¬ 
cations  which  bear  upon  generalized  theory,  we  are,  of  course,  referring 
rather  to  what  the  observer  brings  to  the  datum  than  to  the  datum  itself. 
For  it  obviously  requires  a  theoretically  sensitized  observer  to  detect 
the  universal  in  the  particular  .... 

The  serendipity  pattern,  then,  involves  the  unanticipated,  anomalous 
and  strategic  datum  which  exerts  pressure  upon  the  investigator  for  a  new 
direction  of  inquiry  which  extends  theory  (pp.  506-507). 

How  similar  to  Wallas’  (1926)  description  of  the  stages  of  creative 
thinking:  (1)  preparation,  (2)  incubation,  (3)  inspiration,  and  (4)  veri¬ 
fication  and  revision!  Is  it  possible  that  an  overemphasis  on  design  and 
models  may  be  at  least  partially  inhibiting  serendipitous  potential?  Cer¬ 
tainly  there  is  much  in  the  work  of  Maier  (1930),  Leeper  (1935),  Luchins 
(1942),  Katona  (1940)  and  others  which  suggests  that  “set”  may  tend  to 
blind  us  to  new  possibilities  when  the  methods  and  assumptions  we  origi¬ 
nally  learned  are  unduly  limited,  and  Underwood  (1957)  in  discussing 
interference  and  forgetting  has  pointed  out  how  even  the  valuable  methods 
and  material  developed  by  Ebbinghaus  can  prove  inhibiting.  Few  would 
take  issue  with  Estes  (1957)  when  he  states  that: 

The  steepest  obstacle  to  theory  construction  in  psychology  is  not  the 
complexity  of  behavior.  It  is  the  mountain  of  stereotypes  deposited  by 
centuries  of  pre-scientific  attempts  to  comprehend  behavior  and  capped  by 
pronouncements  of  the  academicians  who  have  always  known  in  advance, 
apparently  by  divine  inspiration,  exactly  what  kind  of  theory  is  possible  and 
proper  for  psychology  (p.  617). 

This  sounds  a  bit  like  some  graduate  students  I  have  know  except 
that  their  advance  knowledge  was  derived  from  a  slavish  allegiance  to 
experimental  design  rather  than  to  divine  inspiration.  Is  it  possible  that 
we  may  be  adding,  even  though  ever  so  slightly,  to  that  “mountain”  of 
stereotypes  by  our  attitudes  and  methodology? 

The  history  of  psychology  is  replete  with  illustration  of  the  serendipi¬ 
tous  pattern.  It  was  fifty  or  sixty  years  after  Kinnebrook  that  the 
meaning  of  the  regularitv  of  his  disagreement  with  Maskelyne  was  fully 
understood  (Boring  1950).  Many  others  come  to  mind  and  are  so  well 
known  that  their  accomplishments  need  no  elaboration.  Pavlov  (1928) 
and  conditioning;  Kohler  (1925)  in  the  Canary  Islands;  Wertheimer,  his 
vacation  and  tov  stroboscope  (Newman  1944);  Cannon  (1927)  and  his 
contribution  sto  motivational  theory;  Freud’s  (1895)  interpretation  of 
Brener’s  patient;  Boring  (1961),  any  number  of  places;  Harlow  (1958, 
1962),  curiositv,  affection  and  sex,  or  lack  of  it  and  Skinner’s  (1956)  case 
historv  in  scientific  method. 
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Perhaps  Ann  Roe’s  (1951,  1953)  findings  on  the  relationship  of  age 
to  creative  ability  meerly  indicate  that  the  work  must  be  done  before  ha¬ 
bitual  sets  reduce  variable  behavior  and  thereby  minimize  the  possibility  of 
“Aha.”  Certainly  the  history  of  individuals  who  have  remained  productive 
through  the  years  adds  weight  to  this  supposition.  As  we  attempt  to  gain 
perspective  on  the  problem,  Boring’s  (1961)  concept  of  the  word  “Zeit¬ 
geist,”  the  total  body  of  knowledge  and  opinion  available  at  any  time  to  a 
person  living  in  a  given  culture,  is  quite  helpful.  According  to  Boring  the 
Zeitgeist  sometimes  helps  progress  and  sometimes  hinders  it.  It  hindered 
Copernicus,  who,  resisting  it,  helped  scientific  thought  onward  and  pre¬ 
sently  changed  the  Zeitgeist  on  the  matter  to  what  it  was  in  Newton  s 
day.  In  weighing  the  advantages  and  disadvantages  Boring  concludes 
that  the  harm  communication  does  to  progress  never  nearly  equals  the  good. 
But  we  should  still  ask  what  steps  could  be  taken  which  might  maximize  the 
productiveness  of  the  psychological  Zeitgeist. 

The  findings  of  the  Estes  Park  Report  (APA,  1959)  are  pertinent  here. 
They  suggest  that  the  task  of  the  research  psychologist  is  not  mainly  that 
of  designing  a  study,  collecting  data,  analyzing  the  results  and  drawing 
conclusions.  This  may  be  the  formal  picture,  but  the  process  of  doing 
research,  that  is,  of  creating  and  building  a  science  of  psychology  is  a 
rather  informal,  often  illogical,  and  sometimes  messy-looking  affair.  In 
fact  this  paper  is  a  plea  for  more  qualitative,  “sloppy,”  if  you  will,  research 
and  a  greater  use  of  what  a  friend  of  mine  calls  the  “notebook”  technique. 
By  this  he  is  suggesting  that  we  might  cut  down  on  the  volume  of  publica¬ 
tion,  much  of  which  cannot  be  very  fundamental,  if  we  would  only  jot  down 
an  idea  and  apply  a  bit  of  the  test  of  time  before  we  rush  to  design  a  study 
to  test  the  hypothesis.  Since  most  ideas  which  seem  so  pregnant  with 
possibilities  at  night  lose  much  of  their  potential  with  the  coming  of  the 
dawn,  why  not  encourage  a  longer  latency  period?  In  the  light  of  the 
flood  of  publication,  one  of  the  most  heartening  things  I  have  heard  in 
years  is  the  story  of  a  young  biologist  who  tore  up  an  article  on  “Frogs” 
which  was  almost  ready  for  the  printer  simply  because  he  read  one  that  was 
better.  How  many  scientists  would  forego  publication  for  such  a  reason? 

The  members  of  the  Estes  Park  Conference  summarize  admirably 
the  danger  of  over-formalization  in  research  training: 

.  .  .  .’statistical  competence,  scholarship  and  theoretical  sophistication 
are  all  important  in  research.  The  point  is  that  each  of  these  should  be 
means  toward  the  end  of  contribution  to  knowledge,  not  ends  in  themselves. 
The  danger  is  that  the  individual  may  become  so  enamoured  of  statistical 
techniques  that  they  largely  determine  his  research  decisions,  so  identified 
with  particular  theories  that  he  cannot  see  problems  beyond  them.  The 
danger  also  is  that  so  much  time  will  be  devoted  to  the  mastery  of  these 
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means  that  too  little  time  will  be  left  for  other  experiences  crucial  to  the 
development  of  the  creative  researcher  (p.  170). 

Since  statistical  techniques  are  such  an  integral  part  of  experimental 
design,  I  shall  risk  redundancy  by  again  quoting  the  report,  which  empha¬ 
sizes  that: 

.  .  .  over-formalization  and  over-elaboration  of  statistical  tools  can  be 
a  positive  hindrance  ....  It  seems  possible  that  the  heavy  emphasis  on 
complex  “design  of  experiment”  at  an  early  stage  of  training  may  give  the 
student  a  false  conception  of  the  art  of  research  and  may  tend  to  produce 
a  perfectionism  that  can  act  as  a  barrier  to  fertility  of  invention  or  flexibility 
of  thinking  ....  A  corollary  aspect  of  this  same  problem  related  to  the 
rigid  use  of  statistical  hypotheses  and  tests.  In  the  formal  sense,  an 
experiement  is  designed  to  test  some  form  of  hypothesis,  usually  the  null 
hypothesis;  and  the  statistical  test  used  whether  t,  F,  or  parametric  simply 
allows  rejection  of  the  hypothesis  at  some  stated  level  of  confidence.  To 
teach  students  that  only  conclusions  based  on  such  formal  tests  are  valid 
is  both  misleading  and  a  hindrance  to  their  creative  thought,  since  good 
experimenters  in  fact  draw  any  conclusion  reasonable  to  them,  including 
possible  acceptance  of  the  null  hypothesis  on  occasion  (which,  of  course, 
cannot  be  proved.)  All  statistical  techniques  are  tools  ....  and  the 
statistical  tail  should  never  be  allowed  to  wag  the  experimental  dog 
(p.  171). 

In  early  training  for  research,  it  is  my  sincere  hope  that  we  can  mini¬ 
mize  gadgetry  in  secondary  school  science  and  provide  less  “cook-book“ 
laboratory  work  and  more  real  research  experience  for  college  students. 
This  would  increase  the  cost  of  instruction  as  a  phase  of  the  problem,  but, 
although  as  a  teacher  of  undergraduates  my  thinking  may  well  be  biased,  it 
is  my  conviction  that  much  money  now  spent  on  “cream  skimming”  research 
would  pay  higher  dividends  if  redirected  to  these  objectives. 

In  addition  to  providing  richer  research  possibilities,  some  way  of 
communicating  “negative  results  experience,”  whether  in  a  special  journal 
as  suggested  by  Goldfried  and  Walters  (1959)  or  by  modification  of  edi¬ 
torial  policy,  might  make  it  easier  for  the  researcher  to  avoid  activity  which 
would  be  not  only  unnecessarv  but  possibly  inhibitory. 

For  several  reasons  this  theme  has  been  developed  with  some  reluc¬ 
tance.  First,  clinical  evidence  reported  by  Fisher  and  Fisher  (1955) 
suggests  a  relationship  between  personal  insecurity  and  attitude  toward 
psychological  methodology.  In  fact  it  indicates  that  the  more  qualitative 
and  intuitively-oriented  researchers  manifest  a  higher  level  of  anxiety  than 
those  who  are  more  quantitative  or  objectivelv  oriented.  Perhaps  this 
paper  is  serving  as  a  projective  technique! 
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My  second  reservation  is  even  more  fundamental;  namely,  that  some 
of  the  younger  psychologists  may  think  that  I  have  grown  soft  and  perhaps 
even  a  bit  senile.  How  “shaping”  the  attitudes  of  one’s  young  colleagues 
can  be  was  shown  by  Boring  (1961)  when  he  indicated  that  although  his 
character  was  not  changed  by  the  realization  that  lack  of  productivity  had 
cost  him  the  respect  of  some  of  the  younger  men  in  the  laboratory  at  Har¬ 
vard,  it  was  one  factor  which  motivated  his  celebrated  analysis.  It  is  pos¬ 
sible  that  those  who  have  reached  the  time  of  the  “middle-aged  protest” 
may  find  it  easier  to  emphatize  and  will  be  more  tolerant. 

At  this  stage  in  a  paper  of  this  sort,  as  one  reflects  on  what  has  gone 
before,  the  sources  from  which  it  has  been  drawn  and  the  additional  com¬ 
ments  discovered  in  the  process  of  developing  the  theme,  he  feels,  to  para¬ 
phrase  Webb  (1961)  again,  that  he  may  be  in  the  embarrassing  position  of 
arriving  at  the  party  a  day  late.  In  fact  he  may  be  in  a  situation  like  that 
which  is  so  beautifully  illustrated  by  the  incident  described  by  Carl  Sand¬ 
burg  in  his  autobiography,  Always  the  Young  Strangers : 

I  have  always  enjoyed  riding  up  front  in  a  smoking  car,  in  a  seat  back 
of  the  “deadheads,”  the  railroaders  going  back  to  the  home  base.  Their 
talk  about  each  other  runs  free  ....  Once  I  saw  a  young  fireman  in  over¬ 
alls  take  a  seat  and  slouch  down  easy  and  comfortable.  After  a  while  a 
brakeman  in  blue  uniform  came  along  and  planted  himself  alongside  the 
fireman.  They  didn’t  say  anything.  The  train  ran  along.  The  two  of 
them  didn’t  even  look  at  each  other.  Then  the  brakeman,  looking  straight 
ahead,  was  saying,  “Well,  what  do  you  know  today?”  and  kept  looking 
straight  ahead  till  suddenly  he  turned  and  stared  the  fireman  in  the  face, 
adding,  “For  sure.”  I  thought  it  was  a  keen  and  intelligent  question.  “What 
do  you  know  today  for  sure?”  I  remember  the  answer.  It  came  slow  and 
honest.  The  fireman  made  it  plain  what  he  knew  that  day  for  sure:  “Not 
a  damn  thing”  (pp  145-146).  But  if  I  do  not  know  a  thing  for  sure,  per¬ 
haps,  in  summary,  I  can  indicate  a  few  things  about  which  I  am,  “prettv 
sure.” 


As  indicated  above,  the  emphasis  of  this  type  of  paper  leads  to  mis¬ 
understanding.  So  first  it  might  be  well  to  reiterate  a  statement  of  my 
basic  faith^  in  the  importance  of  all  of  the  intellectual  paraphernalia  of 
research,  a  knowledge  of  the  facts  of  psychology,  logic,  statistics,  and  com¬ 
petence  in  related  tool  subjects.  I  am  not  arguing  against  these  things,  but  I 
am  arguing  that  over  and  above  them  the  creative  scientist  must  learn  to 
tolerate  ambiguity,  to  be  stimulated  by  it,  and  that  it  is  essential  that  he 
avoid  a  compulsive  passion  for  experimental  design  which  might  prevent 
the  occurrence  of  the  serendipitous  pattern,  that  unexpected  and  anoma¬ 
lous  finding  which  elicits  an  investigator’s  curiosity  and  conducts  him  along 
an  unpremeditated  by-path  to  a  fresh  hypothesis  and  new  vistas. 
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It  is  true  that  many  of  our  friends  from  other  sections  of  the  country 
think  that  those  of  us  in  the  South  are  too  relaxed,  but  I  trust  that  you,  the 
members  of  the  Southern  Society,  do  not  consider  it  inappropriate  for  its 
president  to  favor  a  form  of  constructive  relaxation. 
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Science  today  is  a  living,  growing  subject.  The  vitality  and  vigor  of 
present  day  research  quickly  does  away  with  any  notion  that  it  is  a  subject 
long  since  embalmed  in  textbooks.  In  many  respects  it  is  an  entirely  dif¬ 
ferent  discipline  from  what  it  was  when  most  of  us  were  in  high  school. 
New  developments  have  been  extensive.  Half  of  the  chemicals  in  com¬ 
mercial  use  today  were  unrecognized  in  1950  and  90%  of  the  medical 
prescriptions  written  in  the  last  10  years  could  not  have  been  written  ear¬ 
lier.  We  are  being  brought  closer  and  closer  to  an  understanding  of  the 
nature  of  life  and  to  a  revelation  of  the  mechanisms  of  heredity  as  scien¬ 
tists  look  into  the  inner  realms  of  the  molecule  for  the  secrets  of  life. 

Only  a  few  years  ago  chemistry  textbooks  listed  92  elements.  About 
a  year  ago  the  Soviet  News  Agency,  Tass,  reported  that  Russian  scientists 
had  made  the  104th  element.  Think  for  a  minute  of  the  advances  that 
have  been  made  in  the  field  of  atomic  science.  Yet  15  years  ago,  courses 
in  this  field  had  not  made  their  appearance  in  college  catalogues.  One 
could  continue  indefinitely  with  the  developments  of  the  last  decade  or 
two  but  the  question  is,  “How  has  this  problem  of  increasing  knowledge 
been  handled  in  the  chemistry  textbooks  and  classrooms?” 

Prior  to  1950,  science  textbooks  were  written  primarily  by  high  school 
teachers,  often  in  collaboration  with  college  professors.  Emphasis  was  on 
factual  information.  By  the  1950’s  the  time  was  ripe  for  reforms  in  science 
education— eevryone  was  ready  to  do  something,  even  if  it  were  wrong. 
One  striking  example  is  the  fact  that  10  Nobel  prize  winners  became 
actively  involved  in  various  projects  to  improve  science  education  whereas 
during  the  preceding  25  years  not  one  such  distinguished  person  was  so 
engaged. 

The  first  of  the  major  curriculum  reform  committees  to  organize 
was  the  Physical  Science  Study  Committee  (PSSC)  which  got  underway 
in  1956  with  a  grant  from  the  National  Science  Foundation. 

The  initial  need  for  reform  in  chemistry  was  perhaps  a  little  less  serious 
because  a  number  of  chemists  over  the  years  had  attempted  to  aid  secondary 


1Text  of  an  address  given  at  the  State  Chemistry  Teachers'  Conference  in  Lynchburg. 


66 


The  Virginia  Journal  of  Science 


[April 


school  teachers  through  the  Journal  of  Chemical  Education.  This  aid  con¬ 
sisted  of  helping  to  review  courses  and  suggesting  effective  classroom  dem¬ 
onstrations  and  laboratory  experiments.  However,  in  the  summer  of  1957, 
a  group  of  chemists  from  colleges  and  secondary  schools  were  encouraged 
by  the  Educational  Division  of  the  American  Chemical  Society  to  look  into 
the  problem  of  improving  secondary  school  courses  in  this  subject.  The 
first  meeting  was  held  at  Reed  College.  This  project,  which  became  known 
as  the  Chemical  Bond  Approach  Project,  received  a  grant  from  the  Na¬ 
tional  Science  Foundation  in  1959.  That  September  trial  editions  of  their 
work  were  used  in  9  high  schools. 

A  survey  of  existing  high  school  texts  had  revealed  to  the  committee 
that  chemistry  was  being  presented  as  a  miscellaneous  collection  of  topics 
and  that  students  were  memorizing  much  which  was  soon  forgotten.  The 
committee  was  influenced  by  the  belief  that  chemistry  is  fascinating  and 
that  students  should  be  led  to  recognize  this  early  in  the  course.  The  com¬ 
mittee  felt  that  to  give  students  a  vital  and  true  picture  of  chemistry,  the 
subject  should  be  organized  and  presented  to  explore  3  key  points:  (1) 
Chemists  work  in  the  laboratory  to  obtain  data,  (2)  Chemists  use  their 
imagination  to  develop  ideas,  (3)  Chemists  combine  experimental  data 
and  imaginative  ideas  to  further  their  understanding  of  chemical  systems. 
CBA  uses  a  central  theme  to  organize  and  tie  together  the  several  areas  of 
chemistry.  This  theme  is  chemical  bonds-ionic,  metallic  and  covalent. 
The  course  builds  upon  the  theory  that  within  each  chemical  system  there  is 
a  structure  which  changes  during  a  reaction.  Model  use  is  stressed  through¬ 
out  the  course  with  emphasis  being  placed  on  both  the  charge  cloud  and 
the  atomic  orbital  model.  These  structural  models  provide  a  way  of 
thinking  about  the  arrangement  of  electrons  and  nuclei  to  give  a  three- 
dimensional  picture  for  each  substance  in  the  system.  Closely  linked 
with  structural  models  is  the  idea  of  energy  changes.  The  failure  of 
heat  of  reaction  to  predict  chemical  reactions  leads  to  the  development 
of  the  quantitv  known  as  free  energy.  Trends  in  the  properties  of  ele¬ 
ments  and  compounds  throughout  the  periodic  system  are  also  directly 
chemical  equilibrium  and  so  on. 

The  emphasis  on  obseravtion  and  experimentation  is  the  outstand¬ 
ing  features  of  the  course.  You  have  heard  much  about  the  now  famous 
black  box  experiment,  in  which  each  student  is  given  a  sealed  box  contain¬ 
ing  an  unknown  object  and  is  asked  to  formulate  a  simple  scientific  model 
with  respect  to  its  contents.  His  work  is  judged  not  on  his  ability  to  guess 
correctly  but  on  the  way  he  uses  the  evidence  obtained  from  observation. 

The  laboratory  program  is  designed  to  develop  the  ability  of  the 
student  to  identify  a  problem,  design  an  experiment  to  evaluate  it,  carry 
out  the  technical  operations  of  the  experiment  and  finallv  arrive  at  a  con- 
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elusion  through  analysis  of  these  data.  Initially  the  student  is  provided 
assistance  in  all  of  these  areas  but  gradually  such  assistance  is  withdrawn 
until  finally  he  is  asked  to  perform  all  of  the  steps  independently,  employing 
ideas  and  techniques  accumulated  in  the  process  of  investigating  earlier 
problems.  There  is  no  pressure  to  obtain  the  right  answer  for  there  is  no 
right  answer.  There  are  no  experiments  which  ask  the  student  to  observe 
what  he  already  knows.  Rather,  the  hall  mark  of  good  work  is  the  ability 
of  the  student  to  follow  and  even  to  construct  a  line  of  argument. 

The  laboratory  program  and  the  text  parallel  each  other  in  terms  of 
topics  and  to  a  marked  degree  reinforce  one  another.  All  topics  are  closely 
knit  and  the  ideas  are  completely  integrated.  Information  and  ideas 
developed  earlv  in  the  course  are  used  throughout  the  year  to  reach  new 
levels  of  understanding. 

The  Chemical  Education  Material  Study,  CHEM  Study,  is  an  out¬ 
growth  of  a  second  committee  organized  bv  the  American  Chemical  Society 
in  1959.  The  objective  of  this  committee  was  to  examine  the  purpose  and 
content  of  high  school  chemistrv  courses  with  the  idea  of  producing  a 
second  drastically  improved  course.  A  request  for  support  was  granted  by 
the  National  Science  Foundation  and  a  project  of  somewhat  greater  magni¬ 
tude  than  the  one  just  described  was  undertaken.  Project  materials  were 
used  by  students  in  24  schools  during  the  fall  of  1960.  When  the  first 
commercial  edition  became  available  in  1963-1964  approximately  105,000 
copies  were  sold.  Of  course,  an  evaluation  of  the  course  cannot  be  based 
on  numbers  using  the  text  but  teachers  using  this  method  are  very  enthusi¬ 
astic. 


For  students,  learning  begins  in  the  laboratory.  The  course  is  probably 
best  known  for  the  first  experiment— the  candle  experiment.  The  student 
is  asked  to  make  and  record  as  manv  observations  as  possible  of  a  seem¬ 
ingly  simple  candle.  A  list  of  observations  is  handed  in  at  the  end  of  the 
period  and  the  student  is  instructed  to  repeat  the  experiment  at  home  and 
to  prepare  a  more  complete  description.  Part  of  the  next  day’s  class  is 
devoted  to  a  discussion  of  these  descriptions.  Always  one  or  two  students 
will  state  that  carbon  dioxide,  soot  and  water  were  given  off  by  the  candle. 
This  is  just  what  the  teacher  has  been  expecting  and  is  the  place  to  estab¬ 
lish  the  difference  between  observation  and  interpretation.  The  laboratory 
manual  is  then  distributed  and  the  student  reads  the  description  of  the 
candle  written  by  a  professional  chemist-a  description  including  over  50 
observations. 

A  large  part  of  the  course  is  centered  around  observations  made  in  the 
laboratory.  Experiments  are  specific  in  terms  of  procedure  but  open-ended 
as  to  expected  results  and  interpretations.  The  instructions  include  ques- 
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tions  that  help  direct  thinking  but  are  prepared  so  that  the  experiment  has 
to  be  performed  and  thought  about  in  order  to  be  understood.  Dry  labing 
cannot  occur  because  the  student  will  not  find  answers  in  the  text  but  will 
find  background  material  that  will  help  him  understand  his  results.  Class 
discussion  and  text  treatment  of  a  concept  then  proceeds  on  the  basis  of 
what  was  observed  in  the  laboratory.  Since  the  text  stresses  quantitative 
development  of  concepts,  many  of  the  experiments  are  also  of  a  quantita¬ 
tive  nature. 

The  content  of  the  course  is  divided  into  3  sections.  The  overview  or 
introductory  portion  where,  building  upon  laboratory  experiments,  the 
student  discovers  the  basic  ideas  which  will  be  used  throughout  the  course. 
This  section  is  concerned  with  such  things  as  atomic-molecular  theory, 
weight  relationships,  the  mole  concept,  chemical  reactions,  behavior  of 
gases,  solutions  and  solids.  The  second  part  or  approximately  one-half  of 
the  course  is  the  real  meat  of  the  work  and  is  concerned  with  the  develop¬ 
ment  of  chemical  concepts  covering  such  topics  as  thermochemistry,  reac¬ 
tion  mechanisms  and  kinetics,  chemical  equilibrium,  acids  and  bases,  oxida¬ 
tion-reduction  and  bonding.  The  third  part  deals  with  descriptive  chemis¬ 
try  presented  through  a  study  of  the  rows  and  columns  of  the  periodic  chart. 
The  student,  by  learning  the  trends  in  properties  of  the  elements  is  able  to 
predict  behavior  patterns  and  is  thus  not  burdened  with  memorizing  'a  lot 
of  isolated  facts.  Although  the  use  of  mental  models  to  illustrate  certain 
facts  is  used  extensively  the  student  is  constantly  reminded  that  a  model 
based  on  today’s  knowledge  may  be  obsolete  when  additional  information 
is  obtained. 

The  laboratory  notebook  in  both  CBA  and  CHEM  Study  consists  of 
blank  sheets  of  graph  paper.  Carbon  paper  inserted  between  the  sheets 
allows  the  student  to  retain  a  copy  of  his  notes  while  submitting  a  copy  to 
the  teacher.  Excellent  comprehensive  teachers’  manuals  are  provided  for 
both  courses.  CHEM  Study  has  developed  a  set  of  tests  and  examinations, 
all  of  which  are  open-book  and  CBA  is  in  the  process  of  doing  the  same. 
The  CHEM  Study  committee  has  also  produced  a  series  of  26  films.  Each 
makes  extensive  use  of  models  and  presents  experiments  that  are  not  practi¬ 
cal  and/or  possible  for  a  teacher  to  do. 

You  may  be  wondering  for  whom  the  two  courses  are  appropriate. 
Both  are  intended  for  all  high  school  chemistry  students  assuming  that  the 
majority  of  students  who  normally  take  chemistry  are  in  the  upper  half  of 
the  scholastic  ability  range.  As  with  any  course  some  do  well  and  others 
poorly.  Students  who  have  trouble  dealing  with  numbers  will  have  a  con¬ 
stant  struggle.  This  is  not  because  the  mathematics  used  is  more  compli¬ 
cated  than  that  used  in  conventional  courses.  The  difference  is  that  these 
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courses  call  upon  the  student  to  use  his  mathematical  skills  continuously 
throughout  the  year  rather  than  just  occasionally. 

A  student  who  did  only  average  work  last  year  stopped  by  to  chat 
one  day  last  fall  and  said  that  he  really  missed  his  CHEM  Study  class 
this  year.  When  asked  why,  he  said,  “It  was  different;  it  was  fun  to  find 
out  things  for  myself,  and  it  made  me  think.” 

The  last  of  the  newer  courses  in  chemistry  is  the  Advanced  Placement 
program.  When  this  was  initiated  in  the  fall  of  1953  it  was  regarded  as  a 
fad  which  would  not  last  long.  To  the  surprise  of  many  it  has  thrived  and 
expanded  to  include  most  major  high  school  subjects. 

I  would  like  to  quote  a  statement  adopted  by  the  Joint  Conference  of 
Science  Representatives,  Advanced  Placement  Program  in  1961.  “The 
Advanced  Placement  Program  is  one  of  the  most  promising  programs  in  the 
past  decade  to  meet  the  educational  needs  of  the  academically  gifted 
secondary  school  students.  It  is  based  on  the  convictions  that  students  of 
high  ability  can  and  should  undertake  more  intensive  and  more  difficult 
work  than  they  are  at  present  required  to  take  in  the  later  years  of  high 
school;  and  that  a  significant  number  of  secondary  schools  are  likely  to  be 
both  able  and  willing  to  make  curricular  revisions  providing  enrichment 

The  Advanced  Placement  Program  enables  academically  able  students 
to  pursue  college-level  courses,  usually  during  their  twelfth  year  in  high 
school.  On  the  basis  of  these  college-level  courses  completed  during  high 
school,  students  receive  advanced  placement,  credit,  or  both,  depending 
upon  the  policies  established  by  the  institutions  they  enter.  It  should  be 
emphasized  that  the  Advanced  Placement  Program  consistes  of  college- 
level  courses  equivalent  to  those  studied  by  college  freshmen.”  Advanced 
Placement  courses  should  not  be  confused  with  honors  courses,  for  honors 
courses  intended  for  bright  students  are  not  always  on  the  college  level. 

In  1953,  532  students  in  18  secondary  schools  participated  in  the 
Advanced  Placement  Programs  in  Science  and  were  admitted  to  94  col¬ 
leges.  By  1964  there  were  over  6,400  students  taking  the  science  exami¬ 
nations;  of  these  3,181  took  the  chemistry  examination.  On  an  increas¬ 
ing  scale,  colleges  are  granting  advanced  placement  and  some  are  also 
granting  credit  toward  graduation.  The  Advanced  Placement  program 
has  been  a  catalyst  in  upgrading  the  entire  academic  program  in  science 
both  at  the  high  school  level  and  the  college  level.  It  has  brought  about 
closer  cooperation  between  the  high  school  and  the  college  for  the  col¬ 
leges  have  been  extremely  helpful  in  providing  teachers  with  outlines, 
materials,  equipment  and  supplies. 

There  is  an  old  Chinese  proverb  which  I  think  expresses  the  philosophy 
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of  the  new  science  curricula  most  aptly,  “If  I  hear,  I  forget;  if  I  see,  I 
remember;  if  I  do,  I  know.” 

Although  these  new  programs  plus  many  others  have  been  developed 
it  must  be  remembered  that  it  is  the  individual  teacher  in  the  classroom 
working  with  the  individual  student  who  will  determine  the  degree  of  suc¬ 
cess  that  the  current  disciplines  have  on  the  youth  of  today. 
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One  of  the  items  of  equipment  basic  to  any  physiology  teaching  or 
research  laboratory  is  a  device  for  stimulating  excitable  tissues.  Equally 
fundamental  is  the  need  for  the  unit  to  supply  electrical  stimuli,  since  this 
energy  form  is  most  readily  controllable,  and  least  injurious  to  tissue.  A 
simple  bimetallic  couple  of  copper  and  zinc  will  develop  sufficient  elec¬ 
trical  potential  difference  when  in  contact  with  a  moist  nerve  to  cause 
excitation,  but  is  generally  limited  to  simple  demonstration  of  electrical 
excitability.  An  induction  coil,  usually  associated  with  a  secondary  coil 
which  can  move  relative  to  the  primary,  allows  control  of  amplitude  of 
pulses  taken  from  the  secondary  winding  when  the  primary  circuit  is  con¬ 
nected  (or  disconnected)  to  a  D.C.  voltage  source.  Placing  a  soft  iron 
core  in  the  primary  coil  allows  an  electromagnetic  effect  on  a  spring- 
loaded  moveable  contact,  which  interrupts  the  primary  circuit,  which  is 
then  re-made  by  action  of  the  spring.  With  this  addition,  repetitive  pulses 
become  available  at  the  terminals  of  the  secondary  coil  for  as  long  as  the 
D.C.  voltage  source  remains  connected  to  the  primary  circuit.  Such  a 
‘tetanizing’  voltage  has  a  frequency  of  approximately  50/sec.  This  instru¬ 
ment,  the  inductorium,  had  for  many  years  been  the  accepted  stimulator 
of  the  student  (and  research)  laboratory.  With  the  inductorium  the  only 
variable  parameters  are  amplitude  and  manual  frequency.  There  is  the 
disadvantage  that  the  amplitude,  wave-shape,  and  polarity  of  the  pulses  at 
the  secondary  terminals  are  different  at  the  ‘make’  and  at  the  ‘break’  of 
the  current  in  the  primary  circuit.  A  short-circuiting  lever  may  be  applied 
across  the  secondary  terminals  with  appropriate  timing  in  order  to  elimi¬ 
nate  either  the  make  or  the  break  shocks,  but  this  limits  one  to  the  relatively 
slow  manually-deliverable  frequencies.  The  advent  of  electronic  devices 
has  however,  now  made  the  inductorium  as  dated  in  the  modern  student 
laboratory  as  its  one  inseparable  companion,  the  kymograph. 


REQUISITES  OF  AN  ADEQUATE  STIMULATOR 

An  electronic  rectangular  wave  stimulator,  which  has  the  facilitv  to 
deliver  single,  paired,  repetitive  single  and  repetitive  paired  pulses  of  a 
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rectangular  waveshape,  and  the  capability  of  altering  the  pulse  amplitude, 
duration,  frequency  and  interval  between  paired  pulses,  is  the  current 
instrument  of  choice  for  the  student  laboratory. 

There  are  many  commercially  available  rectangular  wave  stimulators, 
displaying  wide  differences  in  features  and  reflecting  a  large  range  of 
prices.  There  are  also  a  number  of  published  circuits,  of  greater  or  lesser 
complexity,  for  rectangular  wave  stimulators,  (for  refs,  see  Donaldson, 
1958;  Nastuk,  1964).  In  order  to  select  the  simplest  stimulator  adequate 
for  the  Physiology  student  laboratory  (and  for  most  other  life  sciences), 
it  is  necessary  to  review  the  specific  needs  of  all  exercises  requiring  such  a 
tool. 


An  itemization  of  the  desirable  features  for  a  stimulator  based  on 
the  author’s  experience  and  observation  follows: 

(1)  A  manual  mode  of  operation  which  delivers  a  single  pulse  each 
time  a  spring-return  switch  is  depressed. 

(2)  Facility  to  vary  the  pulse  amplitude  from  0-100  volts.  This 
should  be  divided  among  three  ranges,  having  maximum  values  of  1  volt 
(e.g.,  exposed  nerves  directly  stimulated),  10  volts  (e.g.,  skeletal  or  cardiac 
muscle  stimulated  directly),  and  100  volts  (e.g.,  percutaneous  stimulation). 
Amplitude  should  be  continuously  variable,  and  three  ranges  allow  desir¬ 
able  vernier  action. 

(3)  The  pulse  width  should  be  adjustable  from  <  100  p sec  to  >  1 
msec  in  a  series  of  ea.  10  steps.  Short  pulses  are  required  for  determina¬ 
tion  of  strength-duration  relations  and  for  demonstrating  summation  of  in¬ 
adequate  stimuli,  while  long  duration  pulses  are  required  for  determination 
of  refractory  period  of  cardiac  muscle.  Stepwise  rather  than  continuously 
variable  width  is  desirable  to  allow  exact  re-selection  of  a  particular  pulse. 

(4)  A  repetitive  mode  of  operation  should  allow  delivery  of  pulses 
at  frequencies  of  1/sec  to  100/sec.  This  frequency  range  is  chosen 
because  slower  frequencies  can  be  applied  manually,  and  higher  frequen¬ 
cies  are. not  required  for  present  experiments,  and  are  not  very  meaningful 
physiologically. 

(5)  A  dual  impulse  feature  should  be  available  in  both  the  repetitive 
and  the  manual  mode  of  operation.  This  should  allow  delivery  of  twin 
pulses  with  an  adjustable  interval  of  ca.  50  /xsec  to  500  msec.  This  facility 
should  be  available  in  four  continuously  variable  ranges,  having  maximum 
intervals  of  0.5  msec,  5  msec,  50  msec  and  500  msec.  Justification  for  these 
values  is  that  the  lowest  range  is  required  to  demonstrate  summation  of 
inadequate  stimuli,  the  5  msec  range  for  evaluation  of  refractory  period  of 
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nerve  and  skeletal  muscle,  the  50  and  500  msec  ranges  are  for  refractory 
period  of  heart,  and  summation  of  contractions. 

(6)  A  synchronizing  pulse  should  be  available  from  a  separate  out¬ 
put  to  provide  a  trigger  to  the  sweep  circiu  -  of  an  oscilloscope. 

(7)  A  delay  circuit  should  be  provided  in  order  that  oscilloscopic  dis¬ 
play  of  recorded  activity  may  be  properly  located  along  the  time  axis  of  the 
oscilloscope.  This  circuit  would  require  the  same  range  of  values  as  that 
for  dual  impulse  intervals,  and  in  fact  the  same  circuit  can  be  used  for  both 
functions  (see  below). 

(8)  A  pair  of  terminals  which  allow  control  of  a  recorder  event 
marker  when  the  starting  switch  is  closed.  At  least  three  manufacturers  of 
multichannel  polygraph  recorders  (Grass,  E  &  M,  Beckman)  provide  event 
marking  pens  that  may  be  so  controlled. 

(9)  An  indicator  lamp  which  discharges  coincident  with  the  appear¬ 
ance  of  each  stimulating  pulse. 

(10)  Provision  for  grounding  the  cabinet  to  a  common  equipment 
ground. 

(11)  Protection  from  A.C.  line  voltage  transients  causing  unwanted 
pulses  to  appear  at  the  stimulus  output  terminals. 

Availability  of  these  specifications  would  define  an  instrument  that 
meets  the  needs  of  all  commonly  performed  laboratory  experiments.  Some, 
but  not  many,  commercially  available  stimulators  can  satisfy  these  require¬ 
ments.  The  least  expensive  adequate  model  currently  available  sells  for 
well  over  $200.  Published  circuits  for  stimulators  either  describe  units 
not  satisfying  the  above  criteria,  or  are  designs  of  research  instruments  of 
specialized  nature  or  unnecessary  complexity  for  the  student  laboratory. 

The  stimulator  described  in  this  paper  represents  an  electronically 
simple  and  dependable  circuit,  which  meets  all  of  the  requirements  enume¬ 
rated.  It  has  been  designed  from  the  standpoints  of  simplicity  of  con¬ 
struction,  and  use  of  standard,  low  cost  components.  The  parts  cost  for 
the  design  model  was  less  than  $30,  and  all  items  are  readily  available. 
Thus  the  parts  cost  of  this  unit  is  approximately  the  same  as  current  catalog 
prices  of  an  inductorium.  The  design  model  has  been  proven  in  the  stu¬ 
dent  laboratory  and  in  a  number  of  research  applications  for  three  years. 
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GENERAL  DESCRIPTION  OF  RECTANGULAR  WAVE 
STIMULATOR 

Figure  1  illustrates  the  appearance  of  the  assembled  design  model, 
and  figures  2  and  3  show  top  and  bottom  parts  layout,  respectively.  The 
circuit  diagram  is  presented  in  figure  4,  and  the  parts  list  in  Table  1. 

Operation  of  the  stimulator  may  be  qualitatively  understood  by  identi¬ 
fication  of  the  five  functionally  interconnected  subunits:  Power  supply,  Fre¬ 
quency  generator,  Delay  circuit,  Width  circuit  and  Amplitude  circuit.  The 
Frequency  generator  operates  either  manually  or  repetitively  to  deliver 
triggering  pulses  to  the  Delay  circuit.  The  Delay  circuit  is  quiescent  until 
triggered,  whereupon  it  develops  a  triggering  pulse  after  a  time  interval 
set  by  the  front  panel  controls,  which  is  communicated  to  the  following 
stage,  the  Width  circuit.  Like  the  Delay  circuit  the  Width  circuit  is  quies¬ 
cent  until  triggered.  It  then  generates  a  rectangular  wave  of  fixed  ampli¬ 
tude  and  of  duration  set  by  front  panel  controls.  This  pulse  is  then  passed  on 
to  the  Amplitude  circuit,  which  improves  the  rectangularity  of  the  pulse, 
and  allows  adjustment  of  its  height  in  accordance  with  front  panel  settings. 
The  Power  supply  provides  both  positive  and  negative  (with  respect  to 
chassis  ground)  operating  voltages  for  the  other  stages.  The  Frequency 
generating  circuit  includes  an  Indicator  neon  lamp,  and  also  delivers  a  pulse 
to  the  Synch  terminal.  As  indicated,  when  the  Pattern  switch  is  placed  in 
the  Dual  position,  the  triggering  pulse  from  the  Frequency  generator  is 
delivered  not  only  to  the  Delay  circuit,  but  also  to  the  Width  circuit.  With 
this  arrangement  the  Width  circuit  delivers  two  identical  rectangular  waves 
for  each  Frequency  generator  pulse,  one  occuring  without  delay  and  the 
second  after  an  interval  determined  by  the  Delay  controls. 

All  of  the  stages  are  simple  standard  designs,  which  are  detailed  in 
several  handbooks  (see,  e.g.,  Landee,  et  ah,  1957).  They  function  satis¬ 
factorily  over  a  sufficiently  wide  range  of  tested  currents  and  voltages  as 
to  insure  circuit  operation  with  10%  component  tolerance. 

PRINCIPLES  OF  OPERATION 

The  Frequency  generator  consists  of  a  NE51-H  neon  lamp  wired  as  a 
relaxation  oscillator.  A  fixed  .02  ^fd  capacitor  and  a  resistive  network 
(RlA  to  R1H)  form  the  variable  RC  network  controlling  the  frequency  of 
discharge  in  the  repetitive  mode.  The  oscillator  is  disabled  in  the  OFF 
position  of  switch  SIB  by  interrupting  the  circuit  at  the  neon  lamp.  A 
10MO  resistor  connected  to  the  +150  volt  line  allows  a  .0068  /xfd  capaci¬ 
tor  to  charge  when  SI  A  is  in  the  OFF  position,  and  to  discharge  through 
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the  neon  lamp  when  S1A  is  placed  into  the  Manual  position.  This  action 
also  interrupts  the  charging  circuit  for  the  .0068  juid  capacitor  so  that  only 
a  single  discharge  occurs.  The  voltage  developed  across  the  47K  cathode 
resistor  by  discharge  of  either  capacitor  through  the  neon  lamp  provides  a 
positive  going  trigger  to  the  following  Delay  circuit. 

The  Delay  circuit  consists  of  a  6J6  dual  triode  operated  as  a  mono¬ 
stable  multivibrator.  The  1M  and  68K  resistors  form  a  voltage  divider 
across  the  +150  volt  line  which  places  9.5  volts  on  the  grid  of  V3A,  which 
biases  this  section  beyond  cutoff.  V3B,  which  is  normally  conducting, 
passes  a  current  of  7  ma  through  the  common  3.3K  cathode  resistor  thus 
making  the  cathode  23  volts.  The  positive  going  trigger  from  the  Fre¬ 
quency  generator  is  applied  through  a  .001  fx fd  capacitor  to  the  grid  of 
V3A,  causing  this  section  to  conduct.  As  V3A  begins  to  conduct,  the  plate 
voltage  drops  and  this  fall  in  voltage  is  communicated  via  C3  to  the  grid  of 
V3B,  thus  reducing  the  current  through  V3B,  and  the  cathode  resistor. 
As  the  cathode  voltage  is  reduced,  the  bias  on  V3A  is  reduced  so  that  it 
conducts  more  heavily.  This  causes  further  reduction  in  V3A  plate  voltage 
and  V3B  grid  voltage,  and  these  events  continue  until  V3B  is  cut  off.  The 
transition  between  the  condition  in  which  V3B  is  conducting  and  V3A  is 
cut  off,  to  the  reverse,  occurs  very  rapidly.  As  this  change  occurs  the  volt¬ 
age  on  the  plate  of  V3A  falls  abruptly  and  the  voltage  on  the  plate  of  V3B 
rises  abruptly  to  +150  volts.  This  mode  of  operation  is  unstable:  C3 
discharges  through  the  grid  return  of  V3B  with  the  result  that  the  voltage 
on  the  grid  of  V3B  rises  along  an  exponential  curve  determined  by  the 
product  of  C3  and  the  value  of  the  grid  return  resistance.  When  the  bias 
on  V3B  has  been  sufficiently  reduced,  it  again  begins  to  conduct.  This 
increases  the  current  through  the  cathode  resistor  so  that  the  cathode  volt¬ 
age  rises,  thus  increasing  the  bias  on  V3A.  This  section  begins  to  conduct 
less  heavily  causing  the  plate  voltage  on  V3A  to  rise.  This  is  passed  by  C3 
to  the  grid  of  V3B,  so  that  once  V3B  begins  to  conduct,  V3A  is  very  rapidly 
cut  off  and  V3B  is  returned  to  its  normally  conducting  mode.  The  plate 
voltage  of  V3A  thus  jumps  abruptly  from  the  level  achieved  when  this 
section  is  conducting  to  +150  volts  when  V3B  conducts.  The  length  of 
time  that  V3A  conducts  is  determined  by  an  RC  time  constant.  Four  values 
of  C3  may  be  selected,  each  of  which  defines  a  range  of  times,  the  exact 
interval  in  which  is  determined  by  a  5MO  potentiometer.  Thus  a  nega¬ 
tive  going  rectangular  pulse  is  available  at  die  plate  of  V3A.  This  pulse 
is  passed  through  a  .0002  /xfd  capacitor,  resulting  in  differentiation  of  the 
rectangular  wave,  i.e.,  a  negative  going  spike  corresponding  to  the  falling 
edge,  no  voltage  during  the  plateau,  and  a  positive  going  spike  correspond¬ 
ing  to  the  rising  edge.  In  this  way  a  positive  pulse  occurs,  after  an  interval 
from  the  Frequency  generator  trigger  corresponding  to  the  length  of  the 
rectangular  wave  at  the  plate  of  V3A.  This  positive  going  pulse  can  be 
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used  to  trigger  the  following  stage  of  the  stimulator,  which  is  also  a  mono¬ 
stage  multivibrator,  in  exactly  the  same  manner  that  the  positive  pulse 
from  the  Frequency  generator  triggers  the  Delay  circuit.  Before  passing 
the  trigger  on  to  the  Width  multivibrator,  it  is  necessary  to  remove  the 
positive  going  spike,  and  this  is  accomplished  by  means  of  a  diode 
(1/2  6AL5)  connected  in  such  a  way  as  to  pass  positive  going,  but  rectify 
against  negative  going  pulses. 

The  principles  underlying  the  operation  of  the  Width  multivibrator 
are  identical  to  those  described  for  the  Delay  multivibrator.  A  positive 
trigger  applied  to  the  grid  of  the  normally  non-conducting  section  initiates 
the  cycle,  the  length  of  which  is  determined  by  the  values  of  C4  and  a  820K 
fixed  resistor.  Ten  rectangular  wave  durations  (20  /xsec  to  20  msec)  are 
available  by  capacitor  selection  for  C4  It  is  to  be  noted  that  the  4.7K 
cathode  resistor  is  returned  to  the  —150  volt  line  rather  than  to  ground. 
This  is  done  so  that  when  V4B  is  conducting,  the  plate  voltage  will  be 
negative  with  respect  to  ground.  This  condition  is  necessary  for  the  proper 
operation  of  the  succeeding  cathode  follower  stage.  Thus  there  is  available 
at  the  plate  of  V4B  a  positive  going  rectangular  wave  having  an  amplitude 
of  178  volts,  ranging  from  -28  volts  when  V4B  is  conducting  to  +150  volts 
when  V4B  is  cut  off. 

The  Amplitude  circuit  consists  of  a  6BZ7,  a  dual  triode  having  high 
mutual  conductance.  The  two  sections  are  operated  in  parallel  as  a  cath¬ 
ode  follower.  The  plates  are  tied  to  the  +150  volt  line,  and  both  grids 
are  connected  through  100K  resistors  to  the  plate  of  V4B.  The  cathode 
is  returned  to  ground.  The  -28  volts  provide  sufficient  bias  to  keep  the 
cathode  follower  cut  off.  Thus  in  the  absence  of  a  rectangular  wave  pulse, 
there  is  no  voltage  at  the  cathodes  of  V5.  When  V4B  cuts  off  and  its  plate 
voltage  rises  to  +150  volts,  this  applied  to  the  grids  of  V5,  and  this  tube 
begins  to  conduct  as  soon  as  the  bias  has  been  reduced  sufficiently.  This 
has  the  effect  of  clipping  the  lower  part  of  the  positive  going  pulse  de¬ 
veloped  at  the  plate  of  V4B,  which  somewhat  improves  the  rectangularity, 
and  in  concert  with  the  gain  of  the  cathode  follower  stage,  makes  115  volts 
appear  .at  the  cathodes  of  V5.  The  resistance  in  the  cathode  circuit  of  V5 
is  in  the  form  of  a  voltage  divider  having  a  total  resistance  of  11. 5K.  The 
Amplitude  range  switch  selects  appropriate  fixed  resistors  to  appear  in 
series  and  in  shunt  with  a  10K  potentiometer,  so  that  the  voltage  across 
the  potentiometer  is  100,  10  or  1  volts.  Pulse  rise  time  (10-90%)  measures 
<  1  /x sec.  The  output  impedance  of  the  stimulator  depends  on  the  setting 
of  the  Amplitude  controls.  It  has  a  maximum  of  25000  . 

It  is  to  be  noted  that  switch  SIC  appears  in  the  cathode  circuit  of 
V5.  When  this  switch  is  in  the  OFF  position,  the  +  Output  terminal  is 
connected  directlv  to  ground  so  that  no  voltage  can  appear  at  the  output 
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terminals  as  a  result  of  unwanted  triggering  of  the  stimulator  from  any 
source.  The  sections  of  SI  are  non-shorting,  so  that  the  +  Output  is 
removed  from  ground  before  the  Frequency  generator  circuit  is  closed  in 
the  Manual  or  Repetitive  positions.  The  pulse  at  the  cathode  of  the  NE 
51H  Frequency  generator  is  brought  out  to  the  +  Synch  terminal  through 
a  .0002  ^fd  capacitor.  This  provides  a  positive  going  pulse  having  an  am¬ 
plitude  of  40  volts  for  triggering  an  oscilloscope  sweep  circuit. 

When  Pattern  switch  S6  is  placed  in  the  Dual  position,  the  positive 
pulse  from  the  Frequency  generator  is  applied  to  the  grid  of  V4A,  the 
normally  nonconducting  section  of  the  Width  multivibrator.  This  causes 
V4A  to  conduct  and  results  in  the  appearance  of  a  rectangular  wave  at  the 
plate  of  V4B  without  delay.  In  this  way  a  pair  of  identical  pulses  is  avail¬ 
able  for  each  cycle  of  the  Frequency  generator,  one  occuring  immediately 
and  the  other  after  the  usual  delay.  The  setting  of  the  Delay  controls  then 
indicates  the  interval  between  the  start  of  the  first  stimulus  and  the  start 
of  the  second. 

The  power  supply  consists  of  a  full  wave  rectifier  with  7 r  section  filter 
producing  a  D.  C.  voltage  difference  of  300.  The  center  tap  of  the  high 
voltage  secondary  winding  of  the  power  transformer  is  not  grounded.  The 
cathode  of  a  OA2  voltage  regulator  is  returned  directly  to  ground  from  the 
high  side  of  the  supply.  This  makes  the  low  side  of  the  supply  150  volts 
negative  with  respect  to  ground. 

CONSTRUCTION  NOTES 


The  stimulator  illustrated  in  the  figures  is  the  second  unit  built,  and 
was  purposely  constructed  from  several  inexpensive  parts  obtained  from  a 
mail  order  electronics  dealer  (power  transformer,  choke,  electrolytic  capa¬ 
citor,  rotary  switches).  These  parts  did  not  prove  critical  and  the  com¬ 
pleted  unit  operated  satisfactorily,  without  any  changes  from  the  design 
model. 


Parts  are  mounted  on  a  7  X  11  X  2  inch  chassis  which  is  enclosed  in  a 
matching  ‘shadow’  cabinet.  This  latter  was  done  for  purposes  of  styling, 
and  a  less  expensive  sloping  front  cabinet  could  be  substituted.  A  3-wire 
power  cord  and  plug  was  used  and  the  ground  lead  connected  to  the  com¬ 
mon  chassis  ground. 


A  +150  volt  bus  of  16  gauge  tinned  copper  wire  was  run  as  indicated 
in  figure  3,  and  this  allowed  for  ease  of  assembly  and  a  neat  arrangement 
of  parts.  Note  that  the  can  of  the  electrolytic  capacitor  is  at  -150  volts,  so 
that  this  part  must  be  isolated  from  the  chassis  by  mounting  on  an  insulat¬ 
ing  wafer. 
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Components  used  were  of  ±10%  tolerance,  and  this  yields  a  com¬ 
pleted  unit  with  performance  sufficiently  close  to  nominal  front  panel  labels 
for  student  laboratory  purposes.  Obviously,  with  use  of  closer  tolerance 
parts,  and  provision  for  adjustment  of  grid  biases  by  use  of  screwdriver 
potentiometers  instead  of  fixed  resistors,  the  unit  may  be  constructed  and 
calibrated  to  quite  close  correspondence  to  nominal  values. 

SUMMARY 

Attributes  desirable  in  a  rectangular  wave  stimulator  for  the  teaching 
laboratory  in  physiology  (and  other  life  sciences)  are  enumerated,  and  the 
design  of  an  economical,  tested  unit  is  presented.  The  model  described 
produces  single,  paired,  repetitive  single  and  repetitive  paired  rectangular 
wave  pulses.  Pulse  amplitude  may  be  varied  from  0  to  100  volts,  and 
pulse  duration  is  variable  from  20  /xsec  to  20  msec.  In  the  repetitive  mode, 
pulse  frequency  is  available  from  1/sec  to  100/sec.  The  interval  separating 
paired  pulses,  or  the  delay  for  a  single  pulse,  may  be  adjusted  from  50  [isec 
to  0.5  sec.  The  unit  provides  a  triggering  pulse  for  an  oscilloscope  sweep 
generator,  and  also  terminals  for  connection  to  a  recorder  event  marker. 
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Figure  1.  Front  view  of  completed  stimulator  mounted  in  cabinet. 


Figure  2.  Rear  view  of  completed  stimulator  removed  from  cabinet. 
This  view  indicates  the  parts  layout  on  top  of  chassis  and  inside  of  front 
panel. 
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Figure  4.  Schematic  diagram  of  stimulator  circuit.  Values  for  resistors  are  given  in  ohms  and  are  % 
watt,  10%  tolerance  unless  otherwist  noted.  Capacitors  are  given  in  yofd. 
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TABLE  1 

List  of  parts  required  for  construction  of  stimulator. 


Resistors  * 

2—100w 

1— IK 

1-1.5K 

1-2K  10W 

1-33K 
1-4.7K  1W 

1—  5K  10W 

2— 1  OK 
1-10K  2W 

1- 18K  2W 

2- 47K  2W 

3- 47K 
L-68K 

3-100K 
1-470K 

1- 560K 

2- 680K 

2- 820K 

3- 1 M 
1-2.5M 
1-4.7M 
1-10M 
1-15M 
1-22M 

1-10K,  4W,  WW 
potentiometer 
1— 5M  potentiometer 


Tubes 

1-5Y3 

1- OA2 

2- 6J6 
1-6BZ7 
1-6AL5 


Capacitors 

1— .00005  /Jd 
x-.OOOl  /.fd 
1— .00015  /xfd 

3— .0002  /d d 

1— .0005  fjfd 

3— .001  /JFd 
1— .0015  ^fd 
1— .002  ,xfd 
1— .005  /Jd 
1— .0068  ^fd 
1-.01  n  fd 

1—  .015  ^fd 

2—  .02  jufd 
1— .05  ^fd 
1— .15  ^fd 
1-20-20  fx fd/450V 


Switches 

1-DPST  toggle 
1-SPST  slide 
1—4  pole,  3  position 
non-shorting,  lever 
(Mallory  6243  or 
equivalent) 

1—1  pole,  12  position 
rotary 

1—2  pole,  4  position 
rotary 

1—1  pole  11  position, 
2  section  rotary 
1—2  pole,  3  position 
rotary 


Miscellaneous 

1— Power  transformer 
Pri.  117V,  Sec. 
600VCT  70  ma, 
6.3V  3A,  5V  2A 
(Knight  61G468  or 
equiv. ) 

1— Filter  choke  16  h, 
50  ma,  580O(Stancoi 
C-1003  or  equiv.) 
1— chassis,  7x11x2 
inches 

1—  cabinet  (Bud 
SB2141  or  equiv) 

6— knobs 

2—  pilot  light 
assemblies 

1— No.  47  lamp 
1-NE51H 
5— binding  posts 
1— fuse  holder 
1— 1A  fuse 

1-3- wire  power  cord 
and  plug 

1— octal  tube  socket 
1— 9-pin  miniature 
tube  socket 

4— 7-pin  miniature 
tube  sockets 
misc.  hardware,  wire, 
etc. 


*  All  resistors  are  1/2  watt,  10%  tolerance  unless  specified  otherwise. 
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REPORT  OF  A  COLLECTION  OF  CULICOIDES 
(Diptera :  Ceratopogonidae) 

FROM  WESTERN  VIRGINIA1 2 

Donald  H.  Messersmith* 

Received  for  publiction  June  20,  1965 

Culicoides  is  a  genus  of  very  small  biting  gnats  known  as  biting  midges, 
punkies,  no-see-ums  or  incorrectly  as  sandflies.  The  latter  term  is  more 
properly  applied  to  members  of  the  genus  Phlebotomus  (Psychodidae) . 
Biting  midges  have  been  associated  with  a  number  of  veterinary  and 
medical  problems  and  have  been  shown  to  be  vectors  of  some  diseases 
and  tropical  microfilaria. 

This  is  a  report  of  a  survey  of  Culicoides  made  by  trapping  and  rear¬ 
ing  these  insects  in  Western  Virginia  as  part  of  a  project  to  determine  their 
rose  as  potential  vectors  of  Avian  Infections  Synovitis,  a  debilitating  dis¬ 
ease  of  poultry  in  the  Eastern  United  States. 

It  is  known  that  several  species  of  Culicoides  are  avian  feeders  as 
shown  by  Judd  (1957)  and  Fallis  and  Wood  (1957)  who  also  have  shown 
them  to  be  intermediate  hosts  to  Haematoproteus  (Protozoa)  of  ducks.  A 
number  of  species  of  Culicoides  have  been  collected  in  poultry  houses  by 
Snow  et  al.  (1957),  Wirth  and  Bottimer  (1956)  and  others.  Many  of  these 
were  engorged  females.  Hence  it  was  felt  that  a  study  of  the  genus  of  in¬ 
sects  as  possible  vectors  of  infectious  synovitis  was  justified. 

During  the  early  stages  of  these  investigations  it  was  found  that  only 
limited  information  was  available  on  Culicoides  in  Virginia.  Murray  (1957) 
had  investigated  biting  midges  at  Mt.  Solon,  Snow  et  al.  (1957)  had  noted 
their  abundance  at  Saltville  and  Wirth  (1951)  remarked  upon  their  occur¬ 
rence  at  Mt.  Solon,  and  Falls  Church,  while  some  other  authors,  reported 
some  additional  locality  records.  A  survey  of  the  literature  reveals  that 
the  species  in  Table  1  have  been  collected  in  Virginia.  See  Table  1  foot¬ 
note.  Thus  it  was  felt  that  much  could  be  learned  about  Culicoides  in  Vir¬ 
ginia  per  se  while  investigating  their  role  as  vectors. 


1Tlre  research  reported  herein  was  done  as  a  part  of  the  requirements  for  the  Ph.D. 
degree  at  Virginia  Polytechnic  Institute  and  was  supported  by  the  National  Institutes  of 
Health  as  Project  Al  05947,  formerly  E-2717. 

2Present  address,  Department  of  Entomology,  University  of  Maryland,  College  Park,  Md. 
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Trapping 

The  traps  used  were  standard  New  Jersey  light  traps  as  described  by 
Usinger  (1956).  The  insects  were  collected  directly  into  70%  ethyl  alco¬ 
hol  pint  jars  screwed  on  at  the  receptacle  at  the  base  of  the  trap.  Both 
electric  and  battery  operated  traps  were  used. 

In  order  to  achieve  some  live-trapping,  in  1959  at  Ferrum  and  Poplar 
Camp  three  of  the  traps  were  fitted  with  a  round  pasteboard  box  in  place 
of  the  usual  alcohol  collecting  jar. 

Selection  of  Study  Areas 

Most  of  the  survey  and  transmission  work  in  this  study  was  done  in 
southwestern  Virginia  with  Blacksburg  as  the  center  of  operations.  How¬ 
ever,  occasional  trips  w£re  made  to  Elkton  in  the  poultry-raising  areas  of 
the  upper  Shenandoah  Valley  in  Rockingham  County. 

In  1959  the  survey  work  was  done  at  Ferrum  (Franklin  County)  on  a 
poultry  farm  owned  by  Mrs.  Frances  Buckner.  Approximately  60%  of  a 
flock  of  Rhode  Island  Red  chickens  was  infected  with  infectious  synovitis. 
The  disease  was  diagnosed  by  Dr.  W.  B.  Gross  of  the  Virginia  Polytechnic 
Institute,  Department  of  Veterinary  Science.  Due  to  the  presence  of  the 
disease  this  was  considered  to  be  an  ideal  place  for  trapping  engorged 
Culicoides  females  for  transmission  studies. 

In  1960  most  of  the  survey  work  was  located  at  Blacksburg.  Traps 
were  maintained  in  a  woods  on  the  VPI  farm  and  in  outdoor  chicken  and 
turkey  shelters  belonging  to  the  VPI  Department  of  Veterinary  Science. 

The  salt  marsh  at  Saltville,  Virginia  in  Smyth  County  was  served 
as  our  source  of  supply  for  Culiocides  variipennis  australis  Wirth  and  Jones 
(1957)  larvae  used  in  the  rearing,  longevity,  and  transmission  studies  un¬ 
dertaken  in  1960.  Trips  were  also  made  to  the  Broad  Run  Wildlife  Manage¬ 
ment  Area  near  New  Castle  in  Craig  County  to  collect  Culicoides  larvae 
for  rearing  purposes.  One  collection  of  larvae  was  made  in  a  pasture  near 
Rural.  Retreat. 

Trapping  was  occasionally  done  in  other  localities  that  seemed  suit¬ 
able.  Therefore,  some  trapping  was  done  on  a  chicken  farm  near  Poplar 
Camp  in  Wythe  County,  on  a  chicken  farm  near  Bent  Mountain  in  Roanoke 
County,  in  wooded  mountains  near  streams  a  few  miles  from  Vesuvius  in 
Rockbridge  County,  and  at  a  similar  site  near  Newport  in  Montgomery 
County. 
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Location  of  the  Traps 

In  the  large  poultry  houses  at  Elkton  and  Poplar  Camp  a  trap  was  placed 
at  each  end  of  the  house.  A  room  between  them  thus  confined  the  light 
to  separate  ends  of  the  building.  In  all  other  poultry  houses,  one  trap  per 
year  per  room  was  used. 

At  Ferrum,  Elkton,  and  Poplar  Camp  the  two  buildings  which  housed 
the  poultry  were  so  placed  that  one  was  nearer  to  a  woods  than  the  other. 
It  was  thought  that  this  might  make  a  difference  in  the  total  numbers  of 
insects  captured  in  each  building  because  of  the  proximity  of  one  of  the 
buildings  to  a  potential  breeding  site. 

Battery  operated  traps  were  also  set  up  outside  the  poultry  house  on 
a  side  away  from  the  woods  at  Poplar  Camp  and  in  a  nearby  woods  at 
Poplar  Camp  and  Elkton. 

At  Blacksburg  a  battery-powered  trap  was  hung  in  the  woods  beside 
Rt.  685  South.  Another  trap  was  placed  in  an  outdoor  poultry  coop  next 
to  the  VPI  Department  of  Veterinary  Science  about  three-fourths  of  a  mile 
away  from  the  woods  trap  and  on  slightly  higher  ground. 

The  Bent  Mountain  traps  were  placed  inside  poultry  houses.  The 
Newport  trap  was  located  beside  a  small  spring-fed  stream  on  the  side  of 
Sinking  Creek  mountain  at  approximately  2000  feet  elevation  one-half  mile 
off  Route  621  and  about  two  miles  from  Route  460.  Four  traps  were  used 
in  the  woods  near  streams  and  buildings  at  Vesuvius. 

The  traps  were  operated  all  night  in  every  case.  The  Blacksburg 
traps  averaged  14  hours  per  night,  three  nights  a  week  for  six  months.  A 
thermo-humidigraph  was  used  to  record  temperature  and  relative  humidity 
at  this  latter  location.  In  all  instances  the  dates  used  are  the  dates  the 
traps  were  started. 

Other  traps  were  operated  at  Newport  in  a  woods  beside  a  stream,  at 
Saltville  beside  the  marsh,  near  Bedford  (Peaks  of  Otter,  Blue  Ridge  Park¬ 
way),  and  near  Suffolk  (Lake  Drummond  in  Dismal  Swamp). 

Larvae  for  the  rearing  studies  were  collected  from  a  number  of  sites  as 
reported  by  Messersmith  (1961). 

Operation  of  Traps 

In  the  summer  of  1959  light  traps  were  operated  for  the  most  part  in 
poultry  houses  to  capture  Culicoides  specimens.  The  most  concentrated 
trapping  was  done  at  Ferrum  where  four  traps  were  placed  in  four  separate 
rooms  of  two  chicken  coops  throughout  seven  nights  over  a  period  of  two 
months  (July  and  August).  The  traps  were  only  operated  about  one  night 


86  The  Virginia  Journal  of  Science  [April 

a  week  during  this  period.  As  shown  in  Table  5,  this  trapping  yielded 
1890  individuals  of  20  species. 

At  Poplar  Camp,  traps  were  operated  on  three  consecutive  nights  in 
early  August.  Four  traps  were  each  placed  in  separate  rooms  of  two  large 
chicken  houses.  One  battery  operated  trap  was  placed  in  the  adjacent 
woods.  189  specimens  of  11  species  were  taken  (Table  5). 

Three  traps  were  operated  in  two  large  chicken  houses  at  Bent  Moun¬ 
tain  during  the  night  of  July  22.  These  collected  15  specimens  of  5  species 
(Table  5). 

One  specimen  of  C.  paraensis,  a  diurnal  species,  was  taken  biting  the 
author  at  Newport. 

In  1960,  a  battery-powered  trap  was  operated  about  three  nights  a 
week  from  April  to  September  in  a  woods  at  Blacksburg.  A  trap  in  the 
poultry  coop  was  operated  on  the  same  nights  as  one  in  the  woods,  but 
from  June  to  September  for  a  total  of  57  collecting  periods.  The  traps 
were  run  continuously  from  about  six  in  the  evening  until  about  nine  the 
following  morning.  As  shown  in  Table  5  they  collected  2895  individuals 
of  19  species. 

The  trapping  at  Elkton  on  August  8  was  done  in  three  turkey  houses 
and  an  adjacent  woods  and  gathered  583  specimens  of  12  species  as  re¬ 
ported  in  Table  5. 

Table  2  summarizes  the  results  of  these  efforts  by  species  for  each 
locality  and  month.  Table  3  summarizes  the  larval  collections.  In  Table 
4  the  collection  is  separated  into  numbers  and  percentages  of  males  and 
females  collected.  The  numbers  trapped  in  each  locality  are  summarized 
in  Table  5. 

The  extreme  dates  of  collection,  both  earliest  and  latest,  are  found 
in  Table  6.  These  are  the  result  of  both  the  trapping  and  larval  collecting 
efforts  and  indicate  when  certain  species  may  be  expected  in  Western 
Virginia.  Tables  2  and  6  also  indicate  the  month  of  greatest  abundance 
by  species.  June  and  July  are  the  peak  Culicoides  months  in  this  area. 

Finally,  Table  7  lists  the  species  in  order  of  abundance  with  C.  sangui- 
suga  being  the  most  abundant  species  in  Western  Virignia,  making  up 
33.19%  of  the  Culicoides  collected.  C.  loisae  is  the  rarest  (0.01%). 

Many  kinds  of  insects  were  attracted  to  the  light  traps.  There  were 
identified  to  Order,  except  for  the  Diptera  which  were  identified  to  family 
of  Nematocera  or  just  as  Brachycera.  The  Culicoides,  therefore,  made  up 
2.58%  of  all  insects  collected.  This  is  summarized  in  Appendix  I. 
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DISCUSSION 

No  population  studies  of  this  nature  have  previously  been  made  in 
Western  Virginia,  hence  comparisons  cannot  be  made.  The  factor  of  the 
dominance  of  one  species  in  a  given  locality  has  been  remarked  upon  by 
several  authors  and  seems  to  be  dependent  on  the  species  and  the  locality. 
In  his  review  of  this  factor  Das  Gupta  (1961)  has  pointed  out  that  a  very 
high  dominance  (97.7%)  of  C.  impunctatus  Goetgh.  was  reported  by 
Kettle  (1951)  in  the  United  Kingdom.  In  the  State  of  Chiapas,  Mexico, 
Macfie  (1948)  reported  that  C.  guttatus  (Coq)  made  up  97%  of  the  popu¬ 
lation.  Fox  and  Kohler  (1950)  reported  that  in  Eastern  Puerto  Rico  C. 
hieroglyphicus  Malloch  constituted  only  25%  of  the  population  in  the 
Wichita  Refuge,  Oklahoma,  according  to  Khalaf  (1952).  In  Gangetic 
West  Bengal,  India,  Das  Gupta  (1961)  found  the  dominant  species, 
C.  alatus  Das  Gupta  and  Ghosh,  constituted  78.51%  of  the  Culicoides 
population.  In  the  persent  study,  C.  sanguisuga  (Coq.)  was  found  to  be 
the  dominant  Western  Virginia  species,  making  up  33.19%  of  the  popu¬ 
lation  as  indicated  by  light  trapping. 

In  the  course  of  this  study  it  was  found  that  Culicoides  constituted 
2.58%  of  the  positively  phototropic  insects. 

The  peak  of  incidence  of  Culicoides  in  this  area  is  in  early  summer 
for  most  species  with  June  and  July  being  the  dominant  months.  Adult 
Culicoides  of  certain  species  ( biguttatus ,  crepuscularis,  guttipennis,  haema- 
topotus,  obsoletus,  piliferus,  sanguisuga,  spinosus,  stellifer,  travisi,  varii- 
pennis  and  venustus)  may  be  found  as  early  as  April  and  some  of  these 
and  others  ( arboricola  baueri,  chiopterus,  crepuscularis,  guttipennis,  hae- 
matopotus,  nanus,  obsoletus,  piliferus,  sanguisuga,  stellifer,  and  venustus) 
are  found  into  September. 

Temperature  and  humidity  seem  to  have  no  effect  on  their  incidence. 

C.  guttipennis  and  C.  obsoletus  were  the  only  species  exhibiting  a 
distinct  bimodal  peak  of  abundance.  Kettle  (1950)  noted  this  for  C.  im¬ 
punctatus  in  the  United  Kingdom  as  did  Das  Gupta  (1961)  for  C.  alatus  in 
India. 

.  A  study  of  the  sex  ratios  indicates  that  the  females  are  far  more 
abundant  than  the  males  but  this  does  not  necessarily  present  a  true  picture 
of  the  natural  population.  Most  of  this  data  was  obtained  by  light  trap¬ 
ping  and  as  has  been  pointed  out  by  Kettle  (1955)  and  Williams  (1956), 
rearing  will  show  a  more  nearly  equal  ratio  of  males  to  females.  This  was 
evident  in  our  extensive  rearing  of  C.  variipennis  (Messersmith,  1961), 
although  even  then  females  were  somewhat  more  numerous  than  males. 

As  a  result  of  this  collecting,  eleven  new  localities  were  added  to  the 
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list  of  Virginia  communities  supporting  a  Culicoides  population.  This  in¬ 
dicates  that  Culicoides  have  an  extensive  distribution  in  the  Appalachian 
Mountain  chain  in  Virginia  and  probably  to  a  similar  extent  in  adjacent 
states  and  faunal  areas. 

Trapping  at  Elkton  tended  to  support  the  idea  that  more  Culicoides 
would  be  found  in  poultry  houses  nearer  to  a  woods  than  those  farther  from 
a  woods.  Each  room  in  the  house  nearer  the  woods  yielded  more  (240  and 
191:140)  Culicoides  than  the  house  away  from  the  woods.  This  was  gene¬ 
rally  true  at  Ferrum  and  Poplar  Camp,  although  exact  figures  were  not 
recorded. 


SUMMARY 

Of  the  32  species  of  Culidoides  known  to  occur  in  Virginia,  24  were 
collected  in  the  course  of  this  study  in  12  selected  localities  with  C.  sangui- 
suga  the  dominant  species,  making  up  33.19%  of  the  population. 

Culicoides  constitute  approximately  2.58%  of  the  total  positively 
phototropic  insects  collected  in  this  locality. 

The  peak  in  the  seasonal  incidence  of  all  Culicoides  occurs  in  June 
and  July  while  the  peak  for  C.  sanguisuga  is  in  July  and  August.  The 
largest  numbers  collected  in  one  night  were  550  female  C.  sanguisuga  at 
Ferrum  on  31  July,  1959  and  430  female  and  17  male  C.  travisi  at  Blacks¬ 
burg  on  22  June,  1960. 

The  sex  ratios  of  this  light-trapped  material  favor  the  females  which 
made  up  86.97%  of  the  total.  More  rearing  would  probably  show  a  more 
balanced  sex  ratio. 

Adult  Culicoides  were  first  collected  2  April  and  the  last  light  trap 
collections  were  made  26  September,  but  they  probably  could  be  found  in 
small  numbers  into  October. 

LITERATURE  CITED 

Das  Gupta,  S.  K.  1961.  Studies  on  the  Incidence  of  Some  Indian 
Cidicoides  (Diptera:  Ceratopogonidae) .  Indian  Agric.  5:  190-206. 

Fallis,  A.  M.  and  D.  M.  Wood.  1957.  Biting  Midges  (Diptera:  Cera¬ 
topogonidae)  as  intermediate  hosts  for  Haemoproteus  of  ducks.  Can. 
Jour.  Zool.  35:425-435. 

Foote,  R.  H.  and  H.  D.  Pratt.  1954.  The  Culicoides  of  the  Eastern 
United  States.  U.  S.  Pub.  Health  Serv.  Monograph  No.  18. 


1966] 


Culicoides  (Diptera:  Ceratoporonidae  ) 


89 


Fox,  I.  and  C.  E.  Kohler.  1950.  Distribution  and  relative  abundance  of 
the  species  of  biting  midges  or  Culicoides  in  astern  Puerto  Rico  as 
shown  by  light  traps.  Puerto  Rico  Jour.  Pub.  Health  and  Trop.  Med. 
25:342-349. 

Jamnback,  H.  and  W.  W.  Wirth.  1963.  The  species  of  Culicoides  related 
to  obsoletus  in  Eastern  North  America  (Diptera:  Ceratopogonidae). 
Ann.  Ent.  Soc.  Amer.  56:185-198. 

Jamnback,  H.  1965.  The  Culicoides  of  New  York  State  (Diptera:  Cera¬ 
topogonidae).  Bull.  N.  Y.  State  Mus.  and  Sci.  Serv.  No.  399,  pg.  1-154. 

Judd,  W.  W.  1957.  Diptera  collected  from  birds’  nests  at  London, 
Ontario.  Ent.  News  68:32-34. 

Kettle,  D.  S.  1950.  The  seasonal  distribution  of  Culicoides  impunctatus 
Goetghebuer  (Diptera:  Heleidae  (Ceratopogonidae))  with  a  dis¬ 
cussion  on  the  possibility  that  it  may  be  composed  of  two  or  more 
biological  races.  Trans.  Roy.  Entomol.  Soc.  London  101:125-146. 

Kettle,  D.  S.  1951.  The  spatial  distribution  of  Culicoides  impunctatus 
Goet.  under  woodland  and  moorland  conditions  and  its  flight  range 
through  woodland.  Bull.  Ent.  Res.  42:239-291. 

Kettle,  D.  S.  1955.  Sex  ratios  among  British  Culicoides.  Proc.  Roy. 
Ent.  Soc.  London.  30(4-6):  70-72. 

Khalaf,  K.  T.  1952.  The  Culicoides  of  the  Wichita  Refuge,  Oklahoma. 
Taxonomy  and  seasonal  occurrence.  Ann.  Ent.  Soc.  Amer.  45:  348- 
358. 

Macfie,  J.  W.  S.  1948.  Some  species  of  Culicoides  (Diptera:  Ceratopo¬ 
gonidae)  from  the  State  of  Chiapas,  Mexico.  Ann.  Trop.  Med. 
Parasit.  42:  67-87. 

Messersmith,  D.  H.  1961.  Studies  on  Culicoides  (Diptera:  Ceratopo¬ 
gonidae)  and  their  relationship  to  infectious  synovitis  in  poultry  in 
Virginia.  Ph.D.  thesis,  Virginia  Polytechnic  Institute,  Blacksburg,  Va. 

Messersmith,  D.  H.  1965.  Culicoides  (Diptera:  Ceratopogonidae)  asso¬ 
ciated  with  poultry  in  Virginia.  Mosquito  News  25:  321-324. 

Murray,  W.  S.  1957.  Investigations  on  the  bionomics  of  Culicodes  obso¬ 
letus  (M eigen)  and  other  biting  midges  at  Mt.  Solon,  Va.  Mosquito 
News  17:77-82, 

Pratt,  F.  C.  1907.  Notes  on  punkies.  U.  S.  Dept.  Agr.  Bur.  Ent.  Bui. 
No.  64. 


90  The  Virginia  Journal  of  Science  [April 

Usinger,  R.  L.,  edit.  1956.  Aquatic  Insects  of  California.  Univ.  of 
Calif.  Press,  Berkeley:  IX  +  507. 

Wirth,  W.  W.  and  L.  J.  Bottimer.  1956.  A  population  study  of  the 
Culicoides  midges  of  the  Edwards  plateau  region  of  Texas.  Mosquito 
News  16:  256-266. 

Wirth,  W.  W.  and  R.  H.  Jones.  1956.  Three  new  North  American 
species  of  tree-hole  Culicoides.  Ent.  Soc.  of  Wash.  Proc.  58:  161- 
168. 

Wirth,  W.  W.  and  R.  H.  Jones.  1957.  The  North  American  subspecies 
of  Culicoides  variipennis.  U.  S.  Dept.  Agr.  Tech.  Bui.  1170. 

Wirth,  W.  W.  and  A.  A.  Hubert.  1962.  The  species  of  Culicoides 
related  to  piliferus  Root  and  Hoffman  in  Eastern  North  America  (Dip- 
tera,  Ceratopogonidae) .  Ann.  Ent.  Soc.  Amer.  55:  182-195. 


1966] 


Culicoides  (Diptera:  Ceratoporonidae) 


91 


Table  1.  Reports  in  the  Literature  of  the  Occurrence  of  Culicoides  in 

Virginia  * 


C.  arboricola  —  Alexandria  (F&P),  Mt.  Solon  (WSM) 

C.  baueri  -  Mt.  Solon  (WSM) 

C.  bickleyi  -  Falls  Church  (W&H) 

C.  biguttatus  —  Falls  Church,  Mt.  Solon  (F&P) 

C.  borinqueni  —  himnani  —  No  locality  given  (J&W) 

C.  chiopterus  —  Falls  Church  (HJ&W) 

C.  creuscularis  —  Mt.  Solon  (F&P,  WSM) 

C.  footei  —  Alexandria,  Falls  Church,  Mt.  Solon  (WWW,  W&J) 

C.  guttipennis  —  Alexandria  (F&P),  Bluemont  and  Woodstock  (FCP, 
F&P)  Mt.  Solon  (F&P,  WWW,  WSM),  Paris,  Skyland,  Vienna, 
Warrenton  (F&P) 

C.  haematopotus  —  Alexandria,  Falls  Church  (F&P),  Mt.  Solon  (WWW, 
F&P,  WSM) 

C.  loisae  —  Falls  Church  (HJ) 

C.  nanus  —  Mt.  Solon  (WSM) 

C.  niger  —  Dead  Run  (F&P) 

C.  obsoletus  —  Alexandria  (F&P),  Elkton,  Falls  Church  (HJ&W),  Mt. 
Solon  (WWW,  WSM,  F&P,  HJ&W),  Skyland  (F&P) 

C.  piliferus  —  Alexandria,  Falls  Church  (F&P,  &H),  Elkton  (W&H),  Mt. 
Solon  (WSM,  F&P,  W&H) 

C.  pseudopiliferus  —  Alexandria  (W&H) 

C.  sanguisuga  —  Alexandria,  Elkton,  Falls  Church,  Harrisburg,  Mt.  Solon 
(HJ&W) 

C.  scanloni  —  Alexandria,  Elkton,  Falls  Church  (W&H) 

C.  snowei  —  Falls  Church,  Alexandria  (W&J,  W&H) 

C.  spinosus  —  Falls  Church  (F&P),  Mt.  Solon  (WSM) 
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Table  1— (Continued) 


C.  stellifer  -  F  llasChurch  (F&P),  Fairfax  Co.  (FCP),  Mt.  Solon  (WWW, 
WSM) 

C.  testudinalis  —  Alexandria,  Dead  Run,  Falls  Church  (W&H) 

C.  travisi  —  Alexandria,  Falls  Church  (F&P),  Mt.  Solon  (WWW,  WSM) 

C.  variipennis  —  Richmond  (FCP),  Mt.  Solon  (WSM,  F&P),  Saltville 
(SPM,  WWJ) 

C.  venustus  —  Falls  Church,  Mt.  Vernon  (F&P),  Mt.  Solon  (WSM,  F&P) 
C.  villosipennis  —  Mt.  Solon  (WWW,  WSM,  F&P) 


*  The  initials  refer  to  the  following  articles:  FCP  —  Pratt  (1907), 
WWW  -  Wirth  (1951),  F&P  -  Foote  and  Pratt  (1954),  W&J  -  Wirth 
and  Jones  (1956),  WSM  —  Murray  (1957),  SPM  —  Snow  et  al.  (1957), 
WWJ  -  Wirth  and  Jones  (1957),  J&W  -  Jones  and  Wirth  (1958),  W&H 
—  Wirth  and  Hubert  (1962),  HJ&W  —  Jamnback  and  Wirth  (1963); 
and  HJ  —  Jamnback  (1965). 
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Table  2.  Total  numbers  of  each  Culicoides  species  by  Virginia  Locality 

and  Month.  1 959-60 


Culicoides  sp. 

arboricola 

Blacksburg 

Elkton 

Ferrum 

Newcastle  * 

Poplar  Camp 

Sufolk 

Vesuvius 


baueri 

Blacksburg 

biguttatus 

Vesuvius 

Blacksburg 

chiopterus 

Blacksburg 
Elkton 
Ferrum 
Poplar  Camp 
Vesuvius 

crepuscularis 


April  May  June  July  Aug.  Sept.  Total 


2  58 


77  299 


2  4 


81 

1 


11 

13 


15 

120 

96 

26 

1 


15 


23 

120 

177 

1 

26 

1 

7 

355 

83 

83 


11 

390 

401 


10 

3 

1 

1 

3 

18 


Bent  Mountain 

1 

1 

Blacksburg 

1 

16 

61 

79 

79 

236 

Elkton 

19 

19 

Ferrum 

53 

79 

132 
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Table  2.  Total  numbers  of  each  Culicoides  species  by  Virginia  Locality 

and  Month.  1959-60 


Culicoides  sp. 


April  May  June  July  Aug.  Sept.  Total 


Poplar  Camp 
Vesuvius 


5 


2 


2 

5 


dehilipalpis 

Blacksburg 

Elkton 

Ferrum 


guttipennis 

Bedford 

Blacksburg  *  40 

Elkton 
Ferrum 
Newcastle  * 

Poplar  Camp 
Vesuvius 


haematopotus 

Blacksburg  9 

Ferrum 

Vesuvius 


hinmani 

Ferum 

Vesuvius 


395 


1 

3 

1 

1 

7 

3 

10 

14 

18 

18 

27 

6 

4  81 

61 

61 

38 

83 

121 

17 

17 

24 

24 

53 

53 

375 

6 

8 

8 

56 

3 

9 

12 

9 

9 

77 

2  2 
2  2 


4 
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Table  2.  Total  numbers  of  each  Culicoides  species  by  Virginia  Locality 

and  Month.  1959-60 


Culicoides  sp.  April  May 

loisae 

Blacksburg 


nanus 

Blacksburg 
Ferrum 
Newcastle  * 
Vesuvius 


obsoletus 

Bedford 

Bent  Mountain 

Blacksburg  4 

Elkton 

Ferrum 

Poplar  Camp 

Vesuvius 


ousairani 

Elkton 

Ferrum 


paraensis 

Ferrum 

Newport 

piliferus 

Bent  Mountain 


June  July  Aug.  Sept.  Total 


1 

1 

1 

1 

1 

1 

1 

2 

11 

1 

12 

4 

4 

19 

1 

1 

6 

6 

43 

15 

15 

152 

4 

4 

18 

35 

53 

54 

54 

10 

10 

280 

2 

2 

34 

21 

55 

57 

3 

3 

1 

1 

4 

2 

2 
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Table  2— (Continued) 


Culicoides  sp. 

April 

May 

June 

July 

Aug. 

Sept. 

Total 

Blacksburg 

1 

4 

16 

1 

1 

23 

Elkton 

1 

1 

Ferrum 

5 

2 

7 

Poplar  Camp 

2 

2 

Vesuvius 

138 

138 

173 

sanguisuga 

Bedford 

15 

15 

Bent  Mountain 

4 

4 

Blacksburg 

2 

1 

31 

16 

10 

6 

66 

Elkton 

366 

366 

Ferrum 

575 

519 

1094 

Poplar  Camp 

73 

73 

Vesuvius 

578 

578 

2196 

scanloni 

Ferum 

8 

8 

Vesuvius 

3 

3 

11 

spinosus 

Blacksburg 

2 

53 

364 

19 

1 

439 

Elkton 

1 

1 

Ferrum 

1 

1 

Vesuvius 

21 

21 

462 

stellifer 

Blacksburg 

2 

194 

11 

39 

1 

247 

Ferrum 

38 

19 

57 

Poplar  Camp 

1 

1 

Saltville 

1 

1 
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Table  2— (Continued) 


Culicoides  sp. 
Vesuvius 


testudinalis 

Vesuvius 


April  May  June  July  Aug.  Sept.  Total 

22  22 

328 


7 


7 


travisi 

Blacksburg 
Ferrum 
Newcastle  * 
Poplar  Camp 
Vesuvius 


8  134  818  19 

1 

1 

65 


3 

1 

2 


7 


982 

2 

1 

2 

65 


variipennis 

Blacksburg 

Ferrum 

Rural  Retreat  * 
Saltville  ** 
Vesuvius 


14  2 

2 

17 

1  1 
3 


1052 


7 

2 

17 

2 

3 


venustus 

Bent  Mountain 

Blacksburg  1  26  19 

Elkton 

Ferrum 

Poplar  Camp 

Vesuvius 


2 

8  10 

1 

10  24 

1 

2 


31 


4 


2 

68 

1 

34 

1 

2 


108 


98 
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Table  2— (Continued) 


Culicoides  sp. 
villosipennis 

April 

May 

June 

July 

Aug. 

Sept. 

Total 

Blacksburg 

20 

6 

1 

27 

Elkton 

4 

4 

Ferrum 

62 

55 

117 

Poplar  Camp 

3 

3 

Vesuvius 

14 

14 

165 

70 

304 

1960 

2182 

1976 

124 

6616 

*  Includes  specimens  collected  as  larvae  and  reared  to  adult  stage. 
(Table  3). 

**  Collected  by  light  trapping.  Does  not  include  the  several  thousand 
that  were  reared  from  Saltville  larval  collections.  (Table  3). 
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Table  3.  Location  and  Site  of  Larval  Collections  of  Virginia  Culicoides , 

1959-60 


Date 

Locality 

Site 

No.  &  Species  Emerged 

June 

8, 

1959 

Blacksburg 

Tree  hole 

1  C.  guttipennis 

July 

22, 

1959 

Newcastle 

1  C.  arboricola 
17  C.  guttipennis 
11  C.  nanus 

July 

31, 

1959 

Blacksburg 

Tree  hole 

20  C.  guttipennis 
1  C.  nanus 

Aug. 

26, 

1959 

Blacksburg 

Tree  hole 

4  C.  guttipennis 

April 

1, 

1960 

Blacksburg 

Tree  hole 

6  C.  guttipennis 

April  25, 

1960 

Blacksburg 

Tree  hole 

58  C.  guttipennis 

April  28, 

1960 

Newport 

Tree  hole 

129  C.  guttipennis 

June 

14, 

1960 

Newcastle 

Tree  hole 

6  C.  guttipennis 

June 

14, 

1960 

Newcastle 

Mud 

1  C.  sp. 

June 

15, 

1960 

Rural  Retreat 

Muddy  water 

17  C.  variipennis 

June 

15, 

1960 

Saltville 

Saline  water 

100’s  C.  variipennis 

June 

28, 

1960 

Saltville 

Saline  mud 

100’s  C.  variipennis 

July 

29, 

1960 

Blacksburg 

Tree  hole 

1  C.  guttipennis 

Aug. 

17, 

1960 

Saltville 

Saline  mud 

57  C.  variipennis 

Sept. 

7, 

1960 

Saltville 

Saline  water 

143  C.  variipennis 

Sept. 

8, 

1960 

Saltville 

Saline  mud 

12,044 +C.  variipennis 

Oct. 

15, 

1960 

Saltville 

Saline  mud 

418  C.  variipennis 

Nov. 

13, 

1960 

Saltville 

Saline  mud 

82  C.  variipennis 

[April 
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Table  4.  Male  and  Female  Culicoides  collected  in  Western  Virginia  1959- 
1960 


Species 

Males 

(%) 

Females 

(%) 

Total 

arboricola  *  . 

..  23 

(6.48) 

332 

(93.52) 

355 

baueri  . 

8 

(9.64) 

75 

(90.36) 

83 

biguttatus  . 

.  138 

(34.42) 

263 

(65.58) 

401 

chiopterus  . 

2 

(11.12) 

16 

(88.88) 

18 

crepuscularis  . 

..  45 

(11.40) 

350 

(88.60) 

395 

debilipalpis  . 

0 

(00.00) 

14 

(100.00) 

14 

guttipennis  *  . 

110 

(29.34) 

265 

(70.66) 

375 

haematopotus  . 

..  20 

(25.98) 

57 

(74.02) 

77 

hinmani  . 

1 

(25.00) 

3 

(75.00) 

4 

loisae  . 

1 

(100.00) 

0 

(00.00) 

1 

nanus  *  . 

6 

(31.58) 

13 

(68.42) 

19 

obsoletus  . 

59 

(21.08) 

221 

(78.92) 

280 

ousairani  . 

0 

(00.00) 

57 

(100.00) 

57 

paraensis  . 

0 

(00.00) 

4 

(100.00) 

4 

piliferus  . 

53 

(30.643 

120 

(69.36) 

173 

sanguisuga  . 

..  57 

(2.60) 

2139 

(97.40) 

2196 

scanloni  . 

1 

(9.10) 

10 

(90.90) 

11 

spinosus  . 

.  26 

(5.63) 

436 

(94.37) 

462 

stellifer  . 

..  130 

(39.64) 

198 

(60.36) 

328 

testudinalis  . 

0 

(100.00) 

7 

(100.00) 

7 

travisi  *  . 

135 

(12.84) 

917 

(87.16) 

1052 

variipennis  *  . 

15 

(48.39) 

16 

(51.61) 

31 

venustus  . 

.  26 

(24.08) 

82 

(75.92) 

108 

v illosipennis  . 

6 

(3.64) 

159 

(96.36) 

165 

Totals 

862 

(13.03) 

5754 

(86.97) 

6616 
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Table  5.  Total  numbers  of  Culicoides  specimens  collected  in  selected  Vir¬ 
ginia  localities,  1959-60 


Locality 

No.  species 

No.  specimens 

No.  trapping 
nights,  etc. 

Bedford  . . . 

. .  3 

34 

1 

Bent  Mountain  . 

. .  5 

15 

1 

Blacksburg b  . 

. .  19 

2895 

57 

Elkton  . 

.  12 

583 

1 

Ferrum  . 

.  20 

1890 

7 

Newcastle  b  . . . 

.  4 

31 

1 

Newport  . 

.  1 

1 

2 

Poplar  Camp  . 

.  11 

189 

3 

Rural  Retreat b  . 

.  1 

17 

1 

Saltville  . . . 

.  2 

3  a 

1 

Vesuvius  . 

.  19 

957 

5 

a  Does  not  include  several  thousand  reared. 
b  Includes  specimens  reared  from  larval  collections. 
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Table  6.  Extreme  dates  of  collection  and  numerical  peak  of  Virginia 

Culiooides,  1959-60 


Species 

Earliest 

Latest 

Peak 

arboricola . 

.  2  July,  ’59 

26  Sept.,  ’60 

August 

baueri . 

. 24  May,  ’60 

8  Sept.,  ’60 

June 

biguttatus . 

. 18  April,  ’60 

22  July,  ’60 

June 

chiopterus . 

. 24  May,  ’60 

2  Sept.,  ’60 

July 

crepuscularis . 

. 18  April,  ’60 

16  Sept.,  ’60 

August 

debilipalpis . 

. 22  June,  ’60 

8  Aug.,  ’60 

July 

guttipennis . 

16  Sept.,  ’60 

August 

haematopotus . 

.  9  April,  ’60 

16  Sept.,  ’60 

June 

hinmani . . . 

. 13  July,  ’60 

6  Aug.,  ’59 

August 

loisae . 

. .  1  July,  ’60 

1  July,  ’60 

July 

nanus . 

. .  2  July,  ’59 

1  Sept.,  ’59 

July 

obsoletus . 

. 18  April,  ’60 

16  Sept.,  ’60 

August 

ousairani . 

.  2  July,  ’59 

20  Aug.,  ’59 

July 

paraensis . 

. 15  July,  ’59 

17  Aug.,  ’64 

July 

piliferus . 

. 16  April,  ’60 

16  Sept.,  ’60 

July 

sanguisuga . 

. 18  April,  ’60 

15  Sept.,  ’60 

July 

scanloni . 

. .  2  July,  ’59 

15  July,  ’60 

July 

spinosus . 

. 18  April,  ’60 

8  Aug.,  ’60 

June 

stellifer . 

.  2  April,  ’60 

2  Sept.,  ’60 

June 

testudinalis . 

. 12  July,  ’60 

15  July,  ’60 

July 

travisi . 

. 18  April,  ’60 

6  Aug.,  ’59 

June 

variipennis . 

. 15  June,  ’60 

13  Nov.,  ’60* 

June 

venustus . 

. 20  April,  ’60 

15  Sept.,  ’60 

May 

villosipennis . 

. . 20  June,  ’60 

20  Aug.,  ’59 

July 

Larvae  collected,  one  emerged  as  late  as  20  December  in  the  laboratory. 
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Table  7.  Relative  abundance  of  Culicoides  species  in  Western  Virginia, 

1959-60 


Culicoides  No.  collected  Percent  of  Total 


sanguisuga . . . 2196  33.19 

travisi .  1052  15.90 

spinosus .  462  6.98 

biguttatus .  401  6.06 

crepuscularis .  395  5.97 

guttipennis .  375  5.66 

arboricola .  355  5.36 

stellifer .  328  4.95 

obsoletus .  280  4.23 

piliferus .  173  2.61 

villosipennis .  1.65  2.49 

venustus .  108  1.63 

baueri .  83  1.25 

haematopotus .  77  1.16 

ousairani .  57  0.86 

variipennis  ** .  31  0.46 

nanus . .  19  0.28 

chiopterus .  18  0.27 

debilipalpis .  14  0.21 

scanloni .  11  0.16 

testudinalis .  7  0.10 

hinmani .  4  0.06 

paraensis. . . .  4  0.06 

loisae .  1  0.01 


Several  thousand  others  reared  in  laboratory. 
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Appendix  I 

Other  Insects  Captured  During  the  Culicoides  Trapping  Program,  1959-60 


Orthoptera 

7 

Diptera 

Plecoptera 

45 

Tipulidae 

3340 

Dermaptera 

12 

Anisopodidae 

290 

Psocoptera 

155 

Psychodidae 

28090 

Hemiptera 

405 

Chironomidae 

20957 

Homoptera 

8995 

Ceratopogonidae 

(Exclusive  of  Culicoides) 

28104 

Neuroptera 

73 

Culicidae 

457 

Coleoptera 

2107 

Dixidae 

257 

Mecoptera 

2 

Scatopsidae 

49 

Trichoptera 

1042 

Mycetophilidae 

5929 

Lepidoptera 

20920 

Sciaridae 

4354 

Hymenoptera 

10154 

Cecidomyidae  112,332 

Barchycera 

8059 

Total  256,153 

1966] 


The  Distribution  of  Phytoplankton 


105 


THE  DISTRIBUTION  OF  PHYTOPLANKTON 
ALONG  A  140  MILE  TRANSECT 
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The  waters  of  the  Chesapeake  Bay  are  described  by  Pritchard  (1952) 
as  being  composed  of  two  horizontally  moving  layers.  The  upper  layer 
flows  toward  the  mouth  of  the  Bay,  while  the  lower  layer  moves  up 
the  Bay.  The  influence  these  changing  waters  have  on  the  composition 
and  distribution  of  the  phytoplankton  is  profound.  Early  references  to 
these  variations  in  the  distribution  of  phytoplankton  in  the  Chesapeake 
Bay  were  noted  by  Wolfe  et  al.  (1926)  and  Cowles  (1930).  The  effect 
of  these  estuarine  conditions  on  the  vertical  distribution  of  phytoplank¬ 
ton  has  been  discussed  by  Patten  (1963)  in  the  York  River  and  Marshall 
(1966)  for  a  diurnal  study  in  the  James  River.  Investigations  on  the 
seasonality  of  phytoplankton  species  in  the  lower  bay  region  have  been 
made  by  Mulford  (1962,  1963)  and  Patten  et  al.  (1963). 

In  the  lower  Bay  region,  Patten  et  al.  (1963)  report  Skeletonema 
costatum  as  the  dominant  diatom  species  between  December  and  February 
1960,  with  Nitzschia  pungens  var.  atlantica  and  Cerataulina  hergonii 
more  prominent  in  their  March  collections.  They  indicate  the  spring 
phytoplankton  is  primarily  composed  of  the  flagellate  forms  with  popula¬ 
tion  centers  in  the  rivers  and  upper  Bay  region.  A  similar  sequence 
in  diatom  succession  was  found  by  Morse  (1947)  in  the  Patuxent  River 
where  Nitzschia  seriata  and  Cerataulina  bergonii  followed  the  winter 
dominant  Skeletonema  costatum.  Mulford  (1962,  1963)  lists  the  most 
numerous  diatoms  for  March  in  the  lower  Bay  region  as  Nitzschia  pun¬ 
gens  var.  atlantica,  Skeletonema  costatum,  and  Rhizosolenia  setigera.  Cow¬ 
les  (1930)  reported  the  phytoplankton  reached  a  spring  maximum  in 
March.  He  noted  the  highest  diatom  counts  were  at  the  mouths  of 
rivers  and  the  major  species  were  Skeletonema  costatum,  Cerataulina 
bergonii,  Chaetoceros  spp.,  and  Rhizosolenia  spp.  Morse  (1947)  also 
discusses  the  zooplankton  population  and  indicates  low  numbers  present 
during  the  spring  with  copepods  and  tintinids  abundant  in  summer. 

In  these  above  studies,  it  should  be  noted  that  a  variety  of  collec¬ 
tion  methods  were  employed.  Due  to  this  unconformity  in  sampling 
procedures,  certain  difficulties  may  arise  in  making  valid  comparisons 
concerning  the  concentration  and  composition  of  the  nannoplankton.  Mul¬ 
ford  (1962,  1963)  obtained  samples  by  towing  a  net  15  minutes  and 
by  a  pump  that  strained  the  water  through  a  No.  20  net.  Patten  et  al. 
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(1963)  used  a  No.  20  net  attached  to  a  Clarke-Bumpus  sampler  with 
tows  of  90  seconds,  while  Morse  (1947)  made  hawls  towing  a  No.  20 
plankton  net.  These  nets  have  apertures  with  an  average  dimension 
of  69.5  microns  and  will  not  retain  large  numbers  of  nannoplankters 
which  have  sizes  smaller  than  these  openings.  Wolfe  et  al.  (1926)  and 
Cowles  (1930)  reported  on  centrifuged  250  ml  samples  originally  obtain¬ 
ed  from  water  bottles  and  were  prepared  in  Fleming’s  fluid  and  in  later 
collections  formalin.  The  delicate  cell  membrane  of  many  of  the  motile 
nannoplankters  is  known  to  be  destroyed  by  centrifuging  techniques  and 
formalin  preservation  (Steeman  Nielsen,  1960,  Utermohl,  1958). 

METHODS 

Surface  water  samples  were  taken  at  16  stations  along  a  140  mile 
transect  in  the  Chesapeake  Bay  10-11  March  1964  (Fig.  1).  Two  24- 
hour  stations  were  also  established  (Nos.  101,  102)  where  water  sam¬ 
ples  were  taken  at  three  hour  intervals.  The  depths  sampled  at  Sta¬ 
tion  101  were  at  the  surface  and  five  meters.  At  Station  102  water 
samples  were  taken  at  the  surface,  8,  17,  25,  and  32  meters.  The  col¬ 
lection  techniques  and  preservative  employed  in  this  study  were  different 
from  those  used  by  the  investigators  mentioned  above.  All  water  sam¬ 
ples  were  obtained  with  a  Van  Dorn  two-liter  water  sampler.  Glass 
bottles  were  used  to  store  500  ml  of  each  sample  which  was  preserved 
immediately  with  Lugol-Rodhe  solution  (Rodhe  et  al.  1958).  A  set¬ 
tling  and  siphoning  method  was  followed  until  a  10  ml  concentrate 
was  left.  Aliquots  of  this  concentrate  were  then  examined  on  a  micro¬ 
slide  and  phytoplankton  recorded  by  species  in  numbers  of  cells  per 
liter.  The  entire  concentrate  was  examined  for  zooplankton,  and  these 
were  recorded  by  species  as  to  the  number  of  individuals  per  liter.  Dur¬ 
ing  each  sampling,  temperatures  were  taken  with  a  Negretti-Zamba  revers¬ 
ing  thermometer  and  salinity  determinations  made  by  specific  gravity 
procedures.  Current  velocities  were  noted  at  the  diurnal  stations  with 
a  Price  current  meter  and  oxygen  content  determined  by  the  Winkler 
method. 


RESULTS 

A  total  of  67  phytoplankters  were  identified.  There  were  distinct 
differences  in  the  composition  of  the  dominant  phytoplankters  along  the 
Chesapeake  Bay  transect  (Table  1).  The  typical  neritic  diatoms  pre¬ 
dominated  in  the  higher  saline  waters  of  the  lower  Bay  with  the  num¬ 
bers  of  flagellates  high  and  increasing  toward  the  upper  Bay  region.  The 
more  numerous  species  in  the  lower  Bay  region  were  Asterionella  japonica 
Cl.,  Nitzschia  pungens  var.  atlantic  Cl.,  Skeletonema  costatum  (Grev.) 
Cl.,  Thalassiosira  gravida  Cl.,  and  Chaetoceros  decipiens  Cl.  These  were 
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found  in  abundance  at  Stations  201,  202,  and  2,03.  Skeletonema  costatum 
(Grev.)  Cl.  composed  the  bulk  of  the  phytoplankton  concentrations  at 
Stations  201  with  counts  of  approximately  950,000  cells  per  liter.  Six 
species  were  conspicuous  in  the  samples  taken  from  Station  201  through 
213.  These  were  Cryptomonas  sp.,  Nitzschia  pungens  var.  atlantica  CL, 
° keletonema  costatum  (Grev.)  CL,  Rhizosolenia  alata  Brightw.,  and  Rhizo- 
solenia  setigera  Brightw.  Crypt omomas  sp.  was  the  most  numerous  nan- 
noplankter  in  all  the  samples  examined.  It  attained  numbers  of  approxi¬ 
mately  1,080,000;  1,500,000,  and  1,350,000  cells  per  liter,  respectively, 
for  Stations  214,  215,  and  216.  In  each  of  these  stations,  Cryptomonas 
represented  at  least  95%  of  the  total  phytoplankters  found  at  the  sur¬ 
face.  A  common  dinoflagellate  was  Gonyaulax  spinifera  Clap.  &  Lach. 
at  Stations  201  through  209. 

There  were  23  zooplankters  identified  at  the  16  stations  with  the 
counts  ranging  from  52  to  2,660  per  liter.  Calanoid  copepods,  various 
nauplii  larval  stages,  and  an  unidentified  brachionid  rotifer  were  the  most 
numerous  forms  found  the  entire  length  of  the  transect.  The  tintinnids 
were  found  in  low  numbers  except  at  Stations  215  and  216.  Here  they 
rose  to  232  and  2,640  individuals  per  liter,  respectively.  The  uniden¬ 
tified  rotifer  reached  counts  of  408,  266,  and  344  per  liter  at  Stations 
205,  210,  and  211. 

The  concentration  of  phytoplankton  and  zooplankton  presents  an  in¬ 
verse  relationship  in  the  surface  samples  (Fig.  2).  Since  the  majority 
of  zooplankters  present  were  herbivores,  e.g.,  copepods,  advanced  stages 
of  nauplii  larvae,  a  grazing  effect  may  be  the  major  factor  for  this  pat¬ 
tern.  To  substantiate  this  viewpoint,  visual  observations  revealed  the 
digestive  tracts  of  these  copepods  filled  and  numerous  green  fecal  pellets 
were  noted  in  direct  relationship  to  the  number  of  zooplankters.  Although 
not  conclusive,  this  supports  a  similar  association  of  copepods  grazing 
on  phytoplankton  examined  by  Gauld  (1953). 

Station  101.  A  diurnal  study  of  the  plankton  was  carried  out  at 
Station  101  which  is  located  at  the  mouth  of  the  Great  Wicomico  River 
in  water  seven  meters  deep.  The  temperature  range  was  6.2  to  9.0°C 
and  the  salinity  18.0  to  19.4  ppm.  A  definite  cyclic  fluctuation  in  the 
zooplankton  occurred  reaching  maximum  numbers  after  the  high  tidal 
period  at  2200  on  March  10,  then  decreasing  with  the  ebb  (Fig.  3). 
Daytime  peaks,  prior  and  after  this  night  maximum,  were  greater  at  5 
meters  than  at  the  surface  in  the  majority  of  samples.  The  vertical  dis¬ 
tributions  for  the  copepods  indicated  greater  numbers  at  the  surface 
than  at  five  meters  from  2400  to  0600. 

Extreme  fluctuation  in  the  surface  phytoplankton  took  place  during 
the  sampling  period  (Fig.  4).  The  surface  phytoplankton  reached  highest 
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numbers  at  1200  March  10  when  counts  exceeded  1,400,000  cells  per  liter. 
These  populations  were  composed  mainly  of  Rhizosolenia  setigera  Brightw., 
Nitzschia  pungens  var.  atlantica  Cl.  Cryptomonas  sp.,  and  Gymnodinium 
sp.  These  species  were  found  in  the  same  proportion  during  each  peek, 
which  coincided  with  low  water  and  reduced  concentrations  of  zooplank¬ 
ton.  A  similar  composition  was  found  at  five  meters  where  the  diatoms 
predominated  and  the  flagellate  forms  were  present  in  low  concentra¬ 
tions.  There  were  several  fluctuations  in  the  total  phytoplankton  at  this 
depth  with  an  inverse  relationship  to  the  zooplankton  concentrations. 

Station  102.  This  station  was  located  in  the  Patuxent  River  off 
Point  Patience  in  water  33  meters  deep.  The  study  was  made  April 
9,  1964.  Maximum  flood  water  occurred  at  0019  with  ebb  slack  at 
1755  and  0619.  The  greatest  temperature  range  was  at  1530  at  the 
surface  and  32  meters  at  8.3  and  9.0°C,  respectively.  The  average 
temperature  range  during  the  other  periods  for  these  depths  was  .61  °C. 
There  were  only  minor  fluctuations  in  the  salinity  during  the  study  period 
with  a  mean  of  13.01  ppm.  The  highest  concentration  of  oxygen  was 
found  at  all  depths  during  the  incoming  tidal  sequence.  There  were 
also  two  minima  periods  of  oxygen  content  at  ebb  slack. 

The  phytoplankton  was  primarily  composed  of  flagellate  forms  with 
the  diatoms  of  secondary  importance.  Cryptomonas  sp.  was  numerically 
dominant  with  rather  uniform  vertical  distribution  over  the  24  hour 
period.  Only  during  slack  water  was  there  a  tendency  for  greater  num¬ 
bers  of  this  species  near  the  surface.  These  periods  occurred  in  late 
afternoon  and  the  following  morning.  Leptocylindrus  danicus  was  the 
major  diatom  in  this  diurnal  series.  The  diatoms  Nitzschia  pungens  var. 
atlantica,  Thalassiosira  gravida,  Synedra  sp.,  and  Cosinodiscus  perforatns 
Ehr.  were  also  abundant. 

The  vertical  distribution  of  the  total  phytoplankton  population  illus¬ 
trates  slight  variation  in  density  between  the  surface  and  32  meters. 
(Fig.  5).  There  is  a  tendency  for  the  phytoplankton  to  be  inversely 
concentrated  to  the  numbers  of  zooplankton  (Fig.  6).  These  relationships 
are  more  apparent  between  1830  and  0630.  The  vertical  distribution 
of  the  zooplankton  population  center  fluctuates  during  the  24  hour  period, 
there*  being  greater  numbers  in  the  shallower  depths  at  night.  The  popu¬ 
lation  center  is  concentrated  in  the  upper  water  betwen  1830  and  1630. 

The  major  zooplankton  species  were  calanoid  copepods,  nauplii 
larval  stages,  and  the  same  identified  branchionid  rotifer  found  in  Bay 
samples.  The  tintinnids  were  found  in  low  numbers. 
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DISCUSSION 

Steeman  Nielsen  (1960)  emphasizes  the  fallibility  of  net  and  filtra¬ 
tion  techniques  in  quantitative  studies  of  phytoplankton.  The  use  of  sedi¬ 
mentation  methods  provides  a  more  precise  measurement  of  the  nanno- 
plankters  in  the  water  samples  (Braarud,  1958;  Willen,  1962).  In  order 
to  reduce  the  destruction  of  naked  flagellates,  frequently  associated  with 
the  use  of  formalin  preservatives,  a  Lugol-Rodhe  solution  was  added  to 
each  sample  (Utermohl,  1958;  Rodhe  et  al.,  1958).  The  results  indicate 
a  greater  number  of  these  smaller  flagellates,  for  this  time  period  and 
area,  than  reported  previously  in  studies  using  different  collection  pro¬ 
cedures  (Wolfe  et  al.,  1926;  Morse,  1947;  Mulford,  1963;  and  Patten 
et  al.  1963).  Cnjptomonas  sp.  was  found  as  one  of  the  most  numerous 
organisms  in  the  samples  taken  along  the  transect.  It  was  found  in 
greatest  numbers  at  stations  214,  215,  and  216. 

In  addition  to  the  numerical  dominance  of  Cnjptomonas  sp.,  large 
numbers  of  other  nannoplankters  were  noted  in  the  samples.  Proro cent¬ 
rum  micans,  Proro  centrum  sp.,  Exuviaella  sp.,  and  an  unidentified  phyto- 
flagellate  (cell  diameter  3-5  microns)  were  abundant  in  samples  206 
through  212,  and  present  in  lesser  concentrations  at  the  other  stations. 
The  large  numbers  of  nannoplankters,  their  rapid  rate  of  cell  division 
(Parke,  1949),  and  their  presence  as  a  potential  food  source  for  herbivores 
are  salient  features  regarding  their  significance  to  the  plankton  commu¬ 
nity. 

The  phytoplankton  and  zooplankton  concentrations  in  the  surface 
samples  present  an  inverse  relationship  with  evidence  indicating  a  graz¬ 
ing  phenomenon.  However,  the  presence  of  these  organisms  will  be  in¬ 
fluenced  by  physical  factors  over  which  they  have  little  control.  The 
flow  patterns  in  the  Bay  would  be  a  major  ,  influence  in  the  distribution 
and  stratification  of  plankters  in  the  Bay.  Due  to  vigorous  current  action 
in  these  waters,  entirely  new  populations  of  plankters  may  be  constantly 
deployed  throughout  the  water.  The  horizontal  transport  of  the  plank¬ 
ters  would  enhance  their  duration  in  the  water  and  influence  their  rela¬ 
tive  abundance.  This  action  contributes  to  a  continual  fluctuation  of 
members  in  both  groups  of  plankton  which  may  produce  fortuitous  rela¬ 
tionships. 

A  cyclic  turbulence  was  indicated  in  the  two  24-hour  studies  directly 
related  to  the  tidal  flow  paterns.  The  tidal  action  and  river  flow  will 
tend  to  counteract  the  settling  action  of  many  phytoplankters  and  impede 
the  movements  of  the  more  feeble  swimmers.  The  subsequent  upwelling 
action  will  aid  in  the  distribution  of  seston  and  the  plankters  that  have 
settled.  Few  of  the  zooplankters  and  phytoplankters  found  in  the  sam¬ 
ples  are  probably  endemic  to  these  stations.  Each  ebb  and  flood  period 
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will  introduce  new  populations  from  upstream  and  the  Bay  respectively. 
The  entry,  duration  of  stay,  and  concentration  of  the  plankton  popula¬ 
tion  will  be  influenced  by  various  periods  of  the  tidal  cycle  and  current 
flow. 


SUMMARY 

Surface  water  samples  were  taken  at  16  stations  along  a  140  mile 
transect  in  the  Chesapeake  Bay.  A  series  of  samples  were  obtained  at 
different  depths  over  a  24-hour  period  at  two  stations  located  near  the 
mouth  of  the  Great  Wicomico  River  and  in  the  Patuxent  River.  The 
composition  and  distribution  of  the  major  phytoplankters  along  the  transect 
is  discussed  and  general  relationships  with  the  zooplankters  noted.  The 
composition  and  vertical  stratification  of  the  phytoplankton  and  zooplank¬ 
ton  is  given  for  the  two  24-hour  stations. 
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Figure  1.  Location  of  sampling  stations  in  the  Chesapeake  Bay  along  a 
140  mile  transect  from  Norfolk,  Virginia,  to  Cambridge,  Maryland. 
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Figure  2.  Concentration  of  phytoplankton  and  zooplankton  taken  at  sta¬ 
tions  along  the  140  mile  transect  in  the  Chesapeake  Bay. 
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Figure  3.  Concentration  of  zooplankton  at  the  surface  and  five  meters 
for  24  hours  at  Station  101  in  the  Great  Wicomico  River. 
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Figure  4.  Concentration  of  phytoplankton  at  the  surface  and  five  meters 
for  24  hours  at  Station  101  in  the  Great  Wicomico  River. 
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Figure  5.  Vertical  distribution  of  phytoplankton  at  Station  102  for  24 
hours  in  the  Patuxent  River. 
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Figure  6.  Vertical  distribution  of  zooplankton  at  Station  102  for  24 
hours  in  the  Patuxent  River. 
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Table  1.  Distribution  of  the  major  phytoplankters  at  stations  along  a 
transect  in  the  Chesapeake  Bay.  The  most  abundant  species  at  each 
station  and  those  of  diminishing  numbers  are  indicated  respectively 
A,  B,  and  C.  X  indicates  presence  of  the  organism. 


STATIONS 

201  202  203  204 

Asterionella  japonica  C  X  X 

Chaetoceros  decipiens  C  X  X 

Cryptomonas  sp.  X  C  X  X 

Exuviaella  sp. 

Gonyaulax  spinifera  XXX 

Gymnodinium  sp.  X  XX 

Leptocylindrus  danicus 

Nitzschia  pungens— atlantica  B  A  A  B 

Peridinium  triquetrum  XXX 

Prorocentrum  micans  XXX 

Prorocentrum  sp.  XX  X 

Rhizosolenia  alata  X  C  X  X 

Rhizosolenia  setigera  C  B  B  A 

Skeletonema  costatum  A  X  X  X 

Thalassiosira  nitzschioides  C  X  C  C 


205  206  207  208 


C  B  A  A 

X  X 

X  XX 

X  XX 

A  A  X  B 

X 
X 

X  C 

B  B  B  B 

C  C 
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STATIONS 

209  210  211  212  213  214  215  216 


Cryptomonas  sp. 

Exuviaella  sp. 

Gonyaulax  spinifera 
Gymnodinium  sp. 
Leptocylindrus  danicus 
Nitzschia  pungens— atlantica 
Peridinium  triquetrum 
Prorocentrum  mieans 
Prorocentrum  sp. 
Rhizosolenia  alata 
Rhizosolenia  setigera 
Skeletonema  costatum 
Thalassiosira  nitzschioides 


B  C  A  C  A 

XXX 
X 
X 

X  X  X  X 

C  B  B  A  C 

X  XX 

X  X  X  X  X 

X  X  X  X  X 

X  X 

A  A  C  B  B 

XX  X 

XX  X 


AAA 


X 

B  X 


B  B 
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(Compositae) 

J.  R.  Wells 

Department  of  Biolb  gy ,  Old  Dominion  College 
Received  for  publication,  August  25,  1965 

In  a  recent  report  (Wells,  1965)  present  concepts  of  all  Polymnia 
taxa  were  outlined.  These  taxa  occur  only  in  the  western  hemisphere. 
The  present  report  pertains  to  all  of  the  United  States  taxa;  namely,  P. 
canadensis  ears,  canadensis  and  radiata,  P.  laevigata,  and  P.  uvedalia  vars. 
uvedalia,  densipilis,  and  floridana. 

Experimental  plant  taxonomy  employs  a  wide  variety  of  approaches. 
Among  those  used  during  this  study  were  pollen  stainability  and  mor¬ 
phology,  chromosome  number  and  morphology,  and  hybridization  studies. 
Several  additional  years  will  be  required  before  such  a  study  can  be 
completed.  Nevertheless,  some  useful  information  has  been  gained  as 
a  result  of  these  efforts,  thus  the  phylogenetic  relationships  of  these  U.  S. 
taxa  is  not  based  on  conjecture  alone. 

These  studies  were  carried  out  between  1960-63  as  a  student  at 
The  Ohio  State  University.  During  this  time  several  trips  were  made 
to  the  southeastern  and  southern  U.  S.  in  order  to  obtain  living  speci¬ 
mens  of  all  the  above-mentioned  taxa.  The  transplants  were  kept  at 
conditions  prevailing  in  The  Ohio  State  University  greenhouses  except 
for  certain  plants  which  were  permitted  to  overwinter  outside  the  green¬ 
houses. 

Pollen  stainability  was  used  as  an  indicator  of  pollen  viability. 
Analine  blue  was  used  for  staining.  The  pollination  technique  used 
was  suggested  by  R.  W.  Cruden  (pers.  comm.).  For  each  pollination 
I  removed  the  motnosporangiate,  staminate,  disc  flower  with  a  pair  of 
forceps  and  used  this  flower  itself,  on  which  mature  pollen  was  located 
apicallv,  as  a  brush.  Pollination  was  considered  effected  when  pollen 
could  be  seen  with  the  unaided  eye  on  the  stigma  of  the  ovule  parent. 
In  all  matings  fruit  set  was  accepted  as  an  indicator  of  seed  set;  con¬ 
sequently,  potential  cross  fertility.  A  sample  of  fruits  resulting  from  each 
cross  was  opened  to  verify  seed  set. 

Gametic  chromosome  counts  for  P.  laevigata,  and  P.  canadensis  vars. 
canadensis  and  radiata  were  n  =  15.  All  varieties  of  P.  uvedalia  had 
gametic  counts  n  =  16.  These  counts  were  obtained  from  smeared,  aceto- 
carmine-stained,  microsporocytes.  Prior  to  staining,  the  young  anthers 
were  fixed  in  a  3:1  ethanol-acetic  acid  solution  and  maintained  at  3°C 
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for  24  hrs.  This  solution  was  then  replaced  by  70  per  cent  ethanol  and 
maintained  at  3°C  until  examinations  were  made. 

Using  the  technique  outlined  by  Comar  and  Zacheile  (1942)  I 
wished  to  see  if  two  morphologically  distinct  species  such  as  P.  uvedalia 
and  P.  canadensis  could  be  separated  on  the  basis  of  content  of  chloro¬ 
phylls  a  and  b.  The  chlorophylls  were  extracted  from  10-gram  wet 
weight  samples  of  leaf  tissue  from  each  species.  The  chlorophyll  a 
content  in  both  species  was  about  5  mg/liter  of  solution  made  accord¬ 
ing  to  the  method  referred  to  above.  The  chlorophyll  b  content  was 
slightly  in  excess  of  4  mg/liter  of  solution.  There  can  be  as  much  as 
10%  sampling  error  from  such  attempts.  Thus,  since  results  indicated 
less  than  10%  difference  between  these  two  species  for  amounts  of 
chlorophylls  a  and  b  this  approach  to  separation  of  species  and  varie¬ 
ties  was  discontinued. 

The  percentage  of  pollen  stainability  was  high  in  all  taxa  being  at 
least  93%.  All  counts  were  based  on  random  samples  of  500  pollen 
grains.  Ranges  of  diameters  of  pollen  grains  can  be  useful  in  separat¬ 
ing  P.  uvedalia,  P.  canadensis,  and  P.  laevigata  taxonomically.  These 
ranges  of  diameters  are  P.  laevigata  15^—25^,  P.  canadensis  31^—40^ 
and  42^—52^  for  P.  uvedalia.  All  ranges  are  based  on  random  samples 
of  10  pollen  grains.  In  all  cases,  with  the  exception  of  heteromorphic 
pollen  (Fisher  and  Wells,  1962),  individual  grains  were  spherical  with 
many  spines  projecting  outward  in  all  directions.  Spines  were  included 
in  diameter  measurements. 

Most  of  mv  experimental  work  was  directed  toward  an  extensive 
breeding  program  using  the  three  species  and  5  varieties  mentioned 
previously.  A  total  of  1708  crosses  (or  selfings)  were  attempted. 

The  data  in  Table  1  indicate  complete  cross  sterility  between  taxa 
with  different  chromosome  numbers  and  partial  cross  fertility  between 
species  having  the  same  chromosome  numbers.  Complete  cross  sterility, 
where  found,  is  predictable  on  the  basis  of  gross  morphology  and  chro¬ 
mosome  numbers.  Crosses  were  made  reciprocally  to  check  for  maternal 
influence  which  can  not  yet  be  completely  discounted.  Chromosomes 
in  all  three  species  measured  about  5  microns  in  the  largest  dimension 
at  diakinesis.  No  chromosomal  abberrations  were  observed  throughout 
this  study. 

From  matings  5,  6,  and  7  a  total  of  2  seedless  fruits  were  formed 
from  151  attempts  at  crossing  P.  uvedalia  and  P.  canadensis.  When  P. 
laevigata  was  crossed  with  P.  canadensis  105  fruits  were  formed  from  205 
crosses  attempted,  thus  fruit  set  was  about  50%.  Since  the  2  latter 
species  possess  similarities  in  morphology  and  identities  in  chromosome 
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number  we  could  have  predicted  some  success  at  crossing  attempts.  The 
seeds  were  viable  and  many  germinated. 

From  Table  2  we  can  infer  that  within  the  varieties  there  is  evi¬ 
dence  of  self-sterility  and  in  other  cases  low  percentages  of  fruits  formed 
(thus  low  percentages  of  seed  set).  From  these  data  as  well  as  from 
field  observations  seeds  appear  to  be  formed  less  frequently  in  P.  uvedalia 
than  in  P.  canadensis  or  P.  laevigata. 

The  non-selfed  matings  9,  12,  13,  15,  and  17  involved  parents  from 
widely  separated  populations  such  as  from  different  states  or  counties. 
The  higher  percentage  of  fruit-set  from  these  matings  than  from  the 
selfings  serves  as  a  check  on  the  efficacy  of  pollination  techniques. 
In  other  words,  the  lower  per  cent  yield  of  fruits  from  selfings  in  mat¬ 
ings  8,  11,  14,  and  16  than  from  the  not-selfed-matings  9,  12,  13,  15, 
and  17  is  probably  not  the  result  of  discrepancy  in  pollination  technique. 

Results  from  mating  18  indicate  that  P.  laevigata  is  comparatively 
highly  self  fertile.  This  may  help  to  account  for  its  known  occurrence 
in  only  7  U.  S.  counties.  Continued  selfing  increases  homozygosity  con¬ 
sequently,  there  could  be  a  lowering  of  the  ecological  amplitude  of  the 
species  to  such  an  extent  that  only  very  specific  niches  would  suffice 
in  the  establishment  of  a  population.  The  results  of  “matings”  19  through 
22  indicate  that  fruits  are  probablv  not  formed  without  pollination 
although  pseudogamy  may  obtain. 

It  is  apparent  from  Table  3  that  varieties  within  the  species  can 
be  crossed  and  this  usually  occurs  with  more  than  50%  success.  If  all 
30  matings  are  considered,  the  per  cent  of  fruit  set  was  usually  moderate 
or  low  I  attribute  a  partial  reduction  in  yield  of  fruits  and  seeds  to 
a  loss  of  some  of  the  ovulate  flowers  as  a  result  of  inadvertent  break¬ 
ing  of  conducting  elements  between  ovulary  and  receptacle  during  emas¬ 
culation.  Matings  12  and  26  are  thought  to  provide  evidence  for 
this  supposition. 

Two  kinds  of  problems  have  arisen  with  respect  to  hybrid  seeds 
and  seedlings.  The  first  involved  seeds  produced  from  P.  uvedalia  crosses 
as  seed  germination  did  not  occur.  Treatments  of  fruits  (and  seeds) 
included  scarification,  placement  on  moist  filter  paper  for  as  long  as 
two  months,  various  cold  treatments,  submersion  in  concentrated  sul¬ 
furic  acid  for  1-3  minutes  and  allowing  some  to  overwinter  in  pots  of 
moistened  soil  outside  the  greenhouse.  It  seemed  desirable  at  the  out- 
st  to  know  something  about  the  inheritance  of  peduncle  vesture  in  P. 
uvedalia  since  this  is  of  primary  importance  at  the  varietal  level.  Each 
type  of  vesture  retains  its  integrity  when  allowed  to  grow  in  the  same 
environmental  conditions. 
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Table  2 

Summary  of  intravarietal  hybridization  attempts,  selfings,  and  tests  for  ovulary  abortion. 
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The  flowers  of  heads  involved  in  these  tests  were  emasculated;  no  pollination  followei 
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Summary  of  intraspecific  hybridization  attempts 
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No  emasculation  was  carried  out  in  these  crosses. 
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The  .second  problem  was  that  of  failure  of  flowering  in  most  hy¬ 
brids  obtained  from  the  n  =  15  species.  Attempts  to  induce  flowering 
included  exposure  to  photoperiods  of  8  and  12  hours  in  a  24-hour  regime, 
overwintering  outside  the  greenhouse  at  Columbus,  and  cutting  away  all 
parts  above  soil  level.  Although  few  hybrids  flowered,  confirmation  on 
hybridization  was  possible  owing  to  the  dominance  of  leaf  shape  of  P. 
laevigata  over  that  of  P.  canadensis.  Reciprocal  crosses  did  not  produce 
contrary  results.  Meiosis  in  this  hybrid  appeared  normal.  I  regularly 
observed  15  pairs  of  chromosomes  in  smeared  pollen  mother  cells. 

Having  examined  flowers  of  P.  canadensis  from  several  herbaria,  I 
observed  that  ray  flower  size  varies  all  the  way  from  3  mm  up  to  15 
mm  in  length  and  from  3  mm  to  10  mm  in  width.  Although  the  extreme 
conditions  were  recognized  for  the  experimental  portion  of  this  study, 
the  ray  corolla  length  is  a  highly  variable  character.  Neither  var.  radiata 
nor  var.  canadensis  can  be  associated  with  a  specific  geographic  region 
within  the  species  range.  Therefore,  in  the  light  of  all  evidence  it 
becomes  impossible  for  me  to  draw  a  line  which  separates  the  two 
varieties  and  I  have  accordingly  placed  var.  radiata  in  synonymy  with 
var.  canadensis,  (Wells,  1965). 

Future  experimental  studies  with  plants  of  this  genus  are  in  progress 
and  will  include  efforts  directed  toward  obtaining  and  analyzing  hybrid 
plants  in  flower.  The  scope  of  coverage  will  at  least  include  those  taxa 
discussed  herein. 
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THE  CIVILIZING  OF  SCIENCE 

Kendall  W.  King 

Virginia  Polytechnic  Institute ,  Blacksburg 

Science  of  itself  is  amoral.  Webster  defines  it  as  “systematized  knowl¬ 
edge  derived  from  observation,  study,  and  experimentation  carried  on  in 
order  to  determine  the  nature  or  principle  of  what  is  being  studied.”  Con¬ 
tinuing,  Webster  describes  science  as  a  practice  characteristic  of  “civil¬ 
ized”  man.  Civilization  itself  is  defined  as  “social  organization  of  a  high 
order  marked  by  advances  in  the  arts  and  sciences”  and  “the  process  of 
a  population’s  emerging  from  the  savage  state.”  Most  of  us  would  add 
that  civilization  also  carries  strong  connotations  of  an  ethical  society. 
Clearly  advances  in  science  do  not  constitute  in  themselves  the  civilized 
state  of  living. 

Indeed  recent  history,  or  ancient,  demonstrates  that  the  impact  of 
science  has  frequently  been  quite  uncivilizing,  fortifying  the  savage  resi¬ 
dues  in  us  all. 

It  is  the  influence  of  science  that  is  civilizing  or  ensavaging  not  the 
existence  of  science.  In  this  regard  it  resembles  the  arts,  elevating  or 
debasing  our  lives  depending  on  the  ends  to  which  its  practitioners  apply 
their  efforts  and  upon  the  values  with  which  people  as  a  whole  appraise 
new  advances. 

Since  subjective  judgments,  human  values  if  you  will,  determine  both 
the  objectives  of  the  scientist  and  the  opinions  of  science  in  the  minds 
of  people,  its  impact  on  a  society  depends  on  the  nature  of  these  values. 
Like  a  diamond,  precious  science  sits  passively  in  society  having  no  con¬ 
trol  over  whether  it  is  stared  at  in  a  museum  case,  symbolizes  in  a  ring 
the  abiding  love  of  a  married  couple,  carves  hard  steel  in  a  bomb  fac¬ 
tory,  or  carves  other  steel  in  making  medical  instruments. 

This  being  the  case,  whether  science  is  a  civilizing  or  an  ensavag¬ 
ing  force  in  our  society  depends  quite  largely  on  two  factors.  The  first 
of  these  is  the  sense  of  values  of  scientists  themselves.  The  second  factor 
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is  the  sense  of  values  of  the  citizenry  as  a  whole.  In  a  country  like  ours 
these  two  sets  of  values  determine  what  science  will  attempt. 

That  somewhere  in  one  or  both  of  these  areas  our  society  falls 
short  is  readily  demonstrated.  We  have  recently  used  our  science  to 
slaughter  millions  of  people  in  the  gas  chambers  of  Europe,  to  de¬ 
velop  weapons  of  chemical,  biological  and  nuclear  warfare  that  we 
are  not  at  all  sure  we  can  prevent  from  destroying  ourselves,  and  to 
develop  the  exploration  of  space  as  a  mixture  of  scientific  research, 
diplomacy,  economic  planning,  and  political  adventuring. 

Our  expense  of  public  Tunds  and  scientific  talent  in  the  space 
program  alone  dwarfs  our  efforts  at  exploiting  present  knowledge  for  the 
solution  of  the  earthly  human  problems  that  threaten  our  existence  as  a 
race.  Five  thousand  new  Ph.D.’s  are  scooped  up  annually  into  the  United 
States’  space  effort.  '  Not  fifty  a  year  attempt  bringing  world  population 
growth  in  line  with  growth  in  the  food  supply. 

I  do  not  mean  to  deny  the  long-range  benefits  to  mankind  that  can 
be  anticipated  from  the  understanding  of  space.  I  do  mean,  however, 
to  challenge  the  value  of  recent  American  emphasis  on  NASA’s  public 
relations  and  diplomatic  ventures.  Furthermore,  it  appears  to  me  that 
we  have  been  so  taken  by  the  glamour  of  space  exploration  that  we  have 
over-invested  both  talent  and  money  in  space  at  the  expense  of  more 
immediate  needs  of  mankind.  Diseases  we  know  how  to  cure  or  pre¬ 
vent  continue  to  cripple  and  kill  both  at  home  and  abroad.  Potentially 
productive  land  lies  fallow  while  hunger  weakens  half  the  world’s  peo¬ 
ple.  Unnecessary  ignorance  forces  whole  populations  to  subsistence  liv¬ 
ing- 

Pre-occupied  with  the  urge  for  prestige  through  space  spectaculars, 
we  have  lost  sight  of  the  fact  that  affluence  and  privilege  carry  with 
them  responsibilities  for  the  less  affluent  and  the  underprivileged. 

Every  religion  of  the  world  has  had  its  prophet  shouting,  “power 
only  lies  in  the  hands  of  the  servant.”  At  a  land-grant  university  aware¬ 
ness  of  the  service  role  of  the  school  is  unusually  acute  largely  because 
of  the  work  of  its  extension  service.  Land-grant  universities  have  only 
one  reason  for  being,  to  be  of  service  to  their  states  through  providing 
higher  education,  conducting  research,  and  extending  new  knowledge  to 
adults  throughout  the  state.  Obvious  as  the  public  service  charge  of  land- 
grant  schools  may  be,  all  colleges  and  universities  share  a  heavy  respon¬ 
sibility  to  society.  Each  in  its  unique  way  contributes  to  shaping  the 
minds  of  coming  generations.  The  fact  that  some  faculties  are  supported 
by  public  funds  and  others  by  private  funds  has  no  bearing  on  their 
common  civic  obligations  as  teachers. 
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But  how  do  we  gear  the  massive  scientific  arm  of  America’s  univer¬ 
sities  to  functioning  in  the  public  interest?  How  do  we  civilize  even 
this  small  part  of  the  country’s  scientific  effort?  Remembering  that  sci¬ 
ence  itself  is  amoral  and  without  ethics,  the  answers  must  lie  in  the  moral 
fiber  and  ethical  astuteness  of  the  universities’  faculties  and  graduates. 
In  these  groups  lies  the  major  hope  of  developing  in  America  a  science 
that  is  civilizing  in  its  impact. 

We  err,  I  think,  in  isolating  graduate  students  for  four  years  in  a 
straight-jacket  of  technical  courses  and  specialized  research.  If  a  serious 
graduate  student  studies  anything  outside  of  his  science  during  these  four 
years  it  is  on  stolen  time.  Being  hammered  for  years  with  science  for 
the  sake  of  science,  it  is  hardly  surprising  that  a  green  Ph.D.  typically 
has  no  sense  of  a  professional  mission  he  wants  to  make  his  career.  He 
has  had  no  opportunity,  certainly  no  stimulation,  to  think  through  what 
he  wants  to  make  of  his  life.  He  has  been  trained,  not  educated.  If 
he  ever  wakes  up  to  wonder  how  he  can  make  his  niche  in  science  a 
civilizing  one,  it  is  because  of  something  he  experiences  quite  outside 
his  graduate  program. 

In  many  fields  of  science  the  cost  of  graduate  education  approxi¬ 
mates  $15,000  per  year.  By  the  time  a  person  has  earned  his  Ph.D.  in 
such  a  field  the  investment  of  public  funds  in  his  education  reaches  close 
to  $75,000.  Such  a  man  or  woman  is  heavily  indebted  to  the  American 
public  and  to  the  world  in  whose  total  wealth  America  shares  so  hand¬ 
somely.  Yet  the  typical  young  Ph.D.  is  unaware  of  the  magnitude  of 
his  public  trust.  All  too  often  he  views  his  education  as  in  part  his  birth¬ 
right  and  in  part  his  license  to  a  generous  income.  We  faculties  create 
in  our  young  people  a  keen  awareness  of  their  personal  needs.  We  fail 
to  develop  an  awareness  of  the  public  need.  Not  recognizing  the  public 
need,  it  is  no  surprise  that  young  scholars  give  little  thought  to  discover¬ 
ing  on  which  of  these  needs  their  science  can  be  brought  to  bear. 

Faculties  must  accept  a  large  part  of  the  responsibility  for  this  irre¬ 
sponsibility  in  our  college  graduates.  Where  in  the  programs  of  America’s 
universities  is  the  problem  of  the  special  civic  responsibility  of  the  edu¬ 
cated  man  dealt  with?  Of  the  50  to  60  faculty  members  under  whom 
the  typical  student  studies,  how  many  discuss  the  role  of  the  educated 
man,  let  alone  the  scientist,  in  American  and  world  affairs?  What  per¬ 
centage  of  the  faculty  deliberately  try  to  channel  their  own  careers  to 
public  service? 

Faculties  tend  to  be  an  egocentric  assemblage  of  professional  peo¬ 
ple  acutely  aware  of  the  petty  annoyances  inherit  in  any  large  institution 
and  much  less  aware  of  the  potential  impact  of  their  institution  were  its 
energies  loosed  on  the  problems  of  our  times. 
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Symptomatic  of  this  limited  sense  of  mission  among  American  pro¬ 
fessionals  is  the  history  of  recruitment  for  such  efforts  as  those  of  USAID 
and  the  United  Nations  service  agencies,  WHO,  FAO,  UNICEF,  and 
UNESCO.  In  the  early  1950’s  when  technical  assistance  programs  among 
the  emerging  nations  were  first  developed  by  the  United  States,  recruit¬ 
ment  of  professional  personnel  was  geared  to  an  appeal  to  the  public 
service  motives  of  professional  men  and  women.  Initially  this  effort  was 
able  to  meet  the  manpower  demands.  As  congressional  pressure  for  size¬ 
able  expansion  in  the  USAID  program  created  the  need  for  more  and 
more  people,  however,  staffing  of  the  missions  on  the  basis  of  a  public 
service  recruitment  effort  became  impossible.  In  the  United  States  we 
have  a  way  of  taking  care  of  such  problems.  We  raise  the  salaries.  By 
this  means  we  could  get  people,  but  the  proportion  of  professionals  view¬ 
ing  their  work  as  a  public  service  rather  than  as  a  paying  job  fell  sharply. 
Salaries  in  United  Nations  service  organizations  have  remained  sufficiently 
low  that  very  few  Americans  are  attracted  to  them. 

A  very  much  respected  colleague  of  mine  in  Blacksburg  has  turned 
a  very  telling  phrase  which  is  pertinent  to  this  problem.  He  says,  “In 
some  occuaptions  a  man  receives  all  of  his  pay  in  dollars;  in  others,  he 
receives  part  of  his  pay  in  dollars  and  the  rest  in  psychic  pay,  which  is 
the  sense  of  doing  work  that  is  important  in  the  public  interest.”  The 
hard  fact  of  the  matter  is  that  alarmingly  high  proportions  of  professional 
people  in  both  the  arts  and  the  sciences  are  so  oriented  philosophically 
that  for  them  psychic  pay  does  not  exist. 

A  generation  ago  we  referred  to  this  group  of  problems  lying  at  the 
foundation  of  the  discrepancy  between  our  knowledge  and  our  capacity 
to  apply  it  to  the  public  good  with  the  term  “cultural  lag.”  From  the 
line  of  thinking  we  have  been  following  I  am  inclined  to  think  a  more 
apt  phrase  would  be  “ethical  lag.”  The  ensavaging  side  of  our  science 
arises  from  the  slovenliness  of  the  ethics  of  our  culture  rather  than  from 
any  intrinsic  quality  of  science  itself. 

It  seems  to  me  that  science  can  be  made  to  have  a  civilizing  role  in 
our  society,  but  only  if  scientists  burst  from  their  traditional  amoral  posi¬ 
tion  and  deliberately  turn  their  attention  to  the  public  good  and  further 
if  the  public-at-large  demands  and  supports  through  legislative  action 
this  redirection  of  scientific  effort. 

To  do  this  we  will  need  a  generation  embracing  the  adventurous 
philosophy  which  Robert  Frost  advanced  in  his  poem  “The  Road  Not 
Taken”(l) : 


1From  Complete  Poems  of  Robert  Frost.  Copyright  1916,  by  Holt,  Rinehart  and  Winston,  Inc. 
Copyright,  1944  by  Robert  Frost.  Reprinted  by  permission  of  Holt,  Rinehart  and  Winston, 
Inc. 
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“Two  roads  diverged  in  a  yellow  wood. 

And  sorry  I  could  not  travel  both 
And  be  one  traveler,  long  I  stood 
And  looked  down  one  as  far  as  I  could 
To  where  it  bent  in  the  undergrowth, 

Then  took  the  other,  as  just  as  fair, 

And  having  perhaps  the  better  claim, 

Because  it  was  grassy  and  wanted  wear; 

Though  as  for  that  the  passing  there 
Had  worn  them  really  about  die  same, 

And  both  that  morning  equally  lay 
In  leaves  no  step  had  trodden  black. 

Oh,  I  kept  the  first  for  another  day! 

Yet  knowing  how  way  leads  on  to  way, 

I  doubted  if  I  should  ever  come  back. 

I  shall  be  telling  this  with  a  sigh 
Somewhere  ages  and  ages  hence: 

Two  roads  diverged  in  a  wood,  and  I  — 

I  took  the  one  less  traveled  by, 

And  that  has  made  all  the  difference.” 

This  redirection  in  scientific  effort  will  require  people  with  die  stub- 
borness  in  pursuit  of  their  convictions  that  Frost  lashed  out  with  in 
“Auspex.”(2): 

“Once  in  a  California  Sierra 
I  was  swooped  down  upon  when  I  was  small 
And  measured,  but  not  taken  after  all 
By  a  great  eagle  bird  in  all  its  terror. 

Such  auspices  are  very  hard  to  read. 

My  parents  when  I  ran  to  them  averred 

I  was  rejected  by  die  royal  bird 

As  one  who  would  not  make  a  Ganymede. 

Not  find  a  barkeep  unto  Jove  in  me? 

I  have  remained  resentful  to  this  day 
When  any  but  myself  presumed  to  say 
That  there  was  anything  I  couldn’t  be.” 


2From  In  the  Clearing  by  Robbert  Frost.  Copyright  (c)  1960,  1962  by  Robert  Frost.  Reprinted 
by  permission  of  Holt,  Rinehart  and  Winston,  Inc. 
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Orconectes  Juvenils  (HAGEN) 

IN  MOUNTAIN  LAKE,  VIRGINIA: 

AN  UNPLANNED  EXPERIMENT  IN 
INTERSPECIFIC  COMPETITION 
(DECAPODA,  ASTACIDAE) 

Horton  H.  Hobbs,  Jr.,  and  Margaret  Walton 
Smithsonian  Institution  and  Mountain  Lake  Biological  Station 

Received  for  publication,  October  9,  1965 

Today,  it  seems  reasonably  certain  that  only  a  single  crayfish  species, 
Orconectes  juvenilis  (Hagen),  frequents  the  oligotrophic  Mountain  Lake,1 
located  on  Salt  Pond  Mountain  at  an  altitude  of  1180  meters  in  Giles 
County,  Virginia  (37°21/56//N,  80°31/39"W).  It  seems  equally  likely 
that  thirty-three  years  ago  the  Lake  was  frequented  by  only  one  species, 
but  then  it  was.  the  native  Camharus  hartonii  bartonii  (Fabricius).  Un¬ 
fortunately,  we  have  nothing  approaching  a  complete  account  of  the 
events  involved  in  this  faunal  change;  however,  enough  is  known  to  as¬ 
sume  that  O.  juvenilis  has  demonstrated  a  superiority  over  C.  h.  bartonii 
and  C.  acuminatus  Faxon  in  taking  over  the  available  habitats  in  Moun¬ 
tain  Lake. 

The  senior  author  was  a  student  at  the  Mountain  Lake  Biological 
Station  during  the  summer  of  1935  and  collected  a  considerable  number 
of  crayfish  from  the  Lake,  all  of  which  were  C.  b.  bartonii.  Records 
were  not  kept  as  to  the  precise  areas  sampled  but  more  specimens 
were  taken  from  the  northwest  end  in  shallow  water  leading  to  the  over¬ 
flow  stream,  Pond  Drain  (to  the  New  River),  that  passed  through  a 
culvert  under  the  Old  West  Virginia  Turnpike. 

The  Lake  was  visited  again  during  July  and  August  1942  and  the 
only  crayfish  observed  was  C.  b.  bartonii,  the  same  species  found  in 
springs  and  streams  on  Salt  Pond  and  other  mountains  in  the  area.  Many 
crayfish  from  the  Lake  were  examined  in  June  and  July  1947,  and  all 
were  C.  b.  bartonii. 

Not  until  1949  did  we  observe  O.  juvenilis  in  the  Lake.  When  it 


JAn  excellent  illustrated  account  of  the  morphometry  and  physiography  of  Mountain  Lake 
may  be  found  in  Roth,  James  C.  and  Stuart  E.  Neff,  "Studies  of  Physical  Limnology  and 
Profunda  Bottom  Fauna,  Mountain  Lake,  Virgnia,"  Tech.  Bull.  Va.  Agri.  Exp.  Sta.,  No.  169, 
pp.  1-44,  March  1964. 
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was  discovered  at  the  south  end,  a  series  of  collections  was  made  along 
the  entire  littoral  zone.  Orconectes  juvenilis  was  the  only  species  found 
along  the  southern  and  eastern  shores  where  there  are  small  rocks;  along 
the  northern  side,  in  an  area  where  there  are  boulders,  C.  acuminatus 
was  the  only  crayfish  present,  and  C.  b.  bartonii  was  the  sole  crayfish 
occupant  of  the  northwest  shallow  areas  around  the  boat  house  and  over¬ 
flow  area.  No  crayfish  were  found  along  the  western  shore  except  in 
the  extreme  northern  and  southern  parts. 

By  1954,  there  were  no  C.  acuminatus  in  any  of  the  littoral  areas, 
and  it  seemed  that  O.  juvenilis  was  invading  the  northern  side  of  the 
Lake;  C.  bartonii  was  still  present  in  the  vicinity  of  the  outlet  but  occa¬ 
sional  individuals  of  O.  juvenilis  were  also  to  be  found  there.  In  1955 
and  1956  the  O.  juvenilis  population  near  the  overflow  area  increased  but 
C.  b.  bartonii  was  also  there.  Since  1957,  no  crayfish  except  O.  juvenilis 
has  been  observed  by  us  in  any  part  of  the  Lake. 

When  O.  juvenilis  was  first  encountered,  it  was  immediately  suspected 
that  it  had  been  introduced  into  the  Lake.  With  the  finding  of  C.  acumi¬ 
natus  later  during  the  summer,  the  likelihood  of  introductions  became 
even  more  credible,  for  the  latter  species  does  not  occur  in  the  water¬ 
shed  of  the  New  River  nor  has  it  been  found  in  the  upper  reaches  of 
Johns  Creek  (James  drainage)  which  arises  on  the  eastern  slopes  of 
Salt  Pond  Mountain. 

With  the  realization  that  the  Lake  had  been  stocked  with  several 
species  of  fishes,  inquiries  were  made  to  determine  whether  or  not  cray¬ 
fishes  had  been  introduced  by  the  same  persons,  and,  if  so,  from  what 
localities  they  had  been  obtained  and  when  they  were  released.  Years 
passed  before  we  were  able  to  ascertain  any  information  relative  to  the 
presence  of  these  two  extraneous  species.  Finally,  we  asked  the  right 
person. 

In  1933,  during  the  fourth  year  of  the  operation  of  the  Mountain 
Lake  Biological  Station,  Colonel  R.  P.  Carroll  of  the  Department  of 
Biology,  Virginia  Military  Institute,  and  the  members  of  his  class  in  Lim¬ 
nology,  introduced  a  number  of  organisms  from  “eight  to  ten  parts”  of 
Virginia  into  the  Lake.  Among  the  animals  released  were  about  a  dozen 
crayfish  from  Lexington,  Rockbridge  County. 

Only  three  species  of  crayfishes  are  known  from  the  Lexington  area, 
one  of  which  is  Cambarus  acuminatus ,  and  it  is  logical  to  conclude  that 
the  population  of  this  species  that  occupied  the  northern  portion  of  the 
Lake  in  1949  to  1951  was  derived  from  the  stock  released  by  Colonel 
Carroll  and  his  students.  Since  Colonel  Carroll  indicated  that  die  organ¬ 
isms  introduced  were  obtained  from  several  areas  of  the  State,  it  seems 
likely  that  the  O.  juvenilis  stock  was  brought  from  either  the  Holston, 
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Clinch,  or  Powell  river  systems  (all  tributaries  of  the  Tennessee  River), 
and  not  from  Potts  Creek,  a  nearby  trout  stream,  tributary  to  the  James 
River  in  Monroe  County,  West  Virginia,2  that  harbors  a  population  of 
this  species  which  is  believed  to  be  an  introduced  one. 

Even  though  C.  b.  bartonii  appears  to  have  the  broadest  ecological 
tolerance  of  the  three,  frequenting  springs,  cascading  brooks,  marginal 
areas  of  large  rivers,  ponds,  and  seepage  areas  from  the  highest  moun¬ 
tains  to  the  coastal  plain,  it  is  our  impression  that  it  does  not  fare  well 
in  competition  with  the  more  ecologically  restricted  crayfish  associates. 

Where  C.  b.  bartonii  encounters  C.  1.  longulus  in  riffle  areas,  it  is 
found  only  in  the  marginal  areas  of  the  stream;  in  company  with  C.  acumi- 
natus,  the  readily  collectible  population  (that  not  burrowing  deep  into 
the  banks)  of  C.  b.  bartonii  is  always  in  the  minority.  An  excellent 
example  of  the  powers  and  limitations  of  C.  b.  bartonii  to  populate  a 
stream  can  be  observed  in  Little  Stony  Creek  into  which  Pond  Drain 
flows.  In  addition  to  its  Lake  origin,  Little  Stony  arises  in  sphagnum 
bogs,  seepage  areas,  and  springs  at  altitudes  between  1200  and  1250 
meters,  and  at  893  meters  a  major  cascade  effectively  blocks  the  upstream 
migrations  of  many  aquatic  animals.  Above  the  cascades,  where  C.  b. 
bartonii  is  the  only  crayfish  present,  it  occupies  all  of  the  available  cray¬ 
fish  habitats  within  the  stream  proper.  Below  the  cascades,  where  the 
creek  is  shared  with  C.  sciotensis  Rhoades,  C.  b.  bartonii  occurs  in  much 
smaller  numbers  and  is  largely  restricted  to  the  extreme  littoral  portions 
of  the  stream. 

Cambarus  acuminatus  occurs  in  habitats  similar  to  those  of  O.  juvenilis 
and  throughout  its  range  vicariates,  at  least  in  part,  for  the  latter.  It 
does  not  frequent  the  small  mountain  rivulets  nor  does  it  invade  sluggish 
streams  of  the  coastal  plain,  seepage  areas,  or  lentic  habitats  other  than 
Mountain  Lake.  Here,  the  clear  water  with  a  high  oxygen  content,  the 
firm  rocky  bottom,  and  cool  temperatures  were  obviously  adequate  for 
the  establishment  of  a  population  of  C.  acuminatus,  and  it  seems  probable 
that  in  the  absence  of  O.  juvenilis,  it  would  have  continued  to  have  thrived 
in  the  Lake  as  it  must  have  done  between  1933  and  1949.  Throughout 
much  of  the  range  of  C.  acuminatus,  it  shares  its  streams  with  C.  b.  bartonii. 
Its  natural  range  does  not  overlap  that  of  O.  juvenilis. 

Orconectes  juvenilis  is  typically  a  stream  species  living  in  sluggish  to 
swift  water  where  there  is  ample  cover  on  the  bottoms  but  it  does  not 
invade  the  cascading  brooks  of  the  mountains  and  appears  most  success- 


2To  our  knowledge,  this  is  the  only  authenticated  record  of  the  presence  of  O.  juvenilis  in  the 
Atlantic  drainage.  Elsewhere  it  is  known  only  from  tributaries  of  the  Ohio,  Tennessee,  and 
Alabama  rivers. 
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ful  in  streams  flowing  with  a  moderate  current,  over  a  firm,  rock-strewn 
bed.  It  has  not  been  found  in  Pond  Drain! 

Little  is  known  of  the  life  cycle  of  the  three  species  that  were  pres¬ 
ent  in  the  Lake  but  elsewhere  both  C.  acuminatus  and  O.  juvenilis  pro¬ 
duce  their  eggs  in  the  early  spring  (mostly  in  April)  with  their  young 
hatching  in  May  and  June.  In  contrast,  C.  b.  bartonii  produces  its  eggs 
in  late  July  and  August,  the  young  hatching  in  August  and  September. 
Thus  before  the  onset  of  winter, 'the  young  of  both  alien  species  would 
have  attained  a  size  that  would  enable  them  to  compete  successfully  for 
territory  if  they  do  not  actually  prey  upon  the  smaller  fall-hatching  C.  b. 
bartonii.  We  have  no  evidence  on  which  to  attribute  the  success  of  O. 
juvenilis  in  routing  the  C.  acuminatus  population. 

Intriguing  to  the  authors  was  the  question  as  to  what  brought  about 
the  division  of  the  Lake  into  three  somewhat  distinct  “species  zones”; 
perhaps  the  following  postulate,  which  seems  to  be  in  keeping  both  with 
the  habits  of  the  species  elsewhere  and  the  arrangement  of  the  habitats 
in  the  Lake,  is  at  least  partially  tenable. 

It  has  been  pointed  out  that  where  the  range  of  C.  bartonii  within 
a  stream  overlaps  that  of  another  species,  it  moves  to  the  marginal  zone, 
and  there  obtains  cover  under  extreme  littoral  and  often  partially  exposed 
rocks  or  by  burrowing  into  the  banks.  In  the  Lake,  the  partially  exposed 
rocks  are  at  the  shallow  northwest  outflow  region.  The  lake  margin  does 
not  afford  a  substrate  suitable  for  extensive  burrowing,  for  much  of  it  is 
wave-washed,  the  remainder  consisting  of  boulders.  Thus,  C.  b.  bartonii 
might  have  been  expected  to  have  chosen  this  area.  Furthermore,  this 
is  the  area  closest  to  the  outlet  where  forms  moving  upstream  could  con¬ 
tinue  to  repopulate  the  Lake.  During  most  of  the  years,  until  about 
1950,  there  was  a  relatively  steady  flow  from  the  lake  into  Pond 
Drain,  and  the  crayfish  in  the  creek  had  ready  access  to  the  Lake. 
In  the  early  1950’s  two  events  occurred  that  might  well  have  hast¬ 
ened  the  expulsion  of  C.  b.  bartonii.  (1)  The  water  level  dropped 
considerably  so  that  there  was  no  overflow,  and  the  upper  reaches  of 
Pond  Drain  had  no  water  except  run-off  from  the  adjacent  slopes  after 
rains,  and  for  months  at  a  time  no  water  drained  through  it  from  the 
Lake.  Furthermore,  the  entire  area  that  had  been  occupied  by  C.  b. 
bartonii  was  above  the  water  line.  At  such  times  considerable  effort 
was  necessary  to  secure  any  crayfish  in  the  area  of  the  old  outlet.  (2) 
The  second  event  was  the  construction  of  a  retaining  wall  across  the  old 
outlet.  While  the  wall  probably  did  not  function  as  a  complete  barrier 
to  crayfishes  moving  upstream  to  the  Lake,  it  most  certainly  served  as 
a  deterrent  to  them.  With  protracted  periods  of  low  water  and  little 
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chance  of  escape  or  reinvasion,  these  circumstances  could  well  have  con¬ 
tributed  to  the  demise  of  the  C.  b.  bartonii  population. 

There  is  considerable  likelihood  that  it  was  the  lowering  of  the 
water  level  in  the  Lake  that  also  hastened  the  eradication  of  C.  acuminatus, 
for  its  range  in  the  Lake  was  not  known  to  exceed  a  marginal  distance 
of  more  than  75  meters,  and  this  along  the  edge  of  the  steepest  gradients 
in  the  Lake.  Insofar  as  is  known,  C.  acuminatus  is  not  a  deep-water 
inhabitant,  and  as  was  postulated  in  the  case  of  C.  b.  bartonii ,  its  slop¬ 
ing  habitat  was  simply  destroyed  with  the  fall  in  the  water  level.  If  it 
can  be  assumed  that  it  did  attempt  to  move  into  the  O.  juvenilis  section 
of  the  Lake,  it  must  also  be  assumed  that  either  the  habitat  or  the  com¬ 
petition  caused  a  failure  of  its  attempts  to  survive. 

We  have  not  attempted  deep-water  collecting;  however,  scuba  divers 
have  expended  some  efforts  in  searching  for  crayfishes  beyond  the  littoral 
zones  and  have  reported  finding  none.  It  would  be  significant  if  it  could 
be  demonstrated  that  C.  b.  bartonii  or  C.  acuminatus  have  found  con¬ 
genial  niches  at  greater  depths. 

It  is  regrettable  that  so  few  data  are  available  regarding  precisely 
the  numbers  of  crayfishes  introduced,  where  in  the  Lake  they  were  re¬ 
leased,  etc.;  however,  there  seems  no  reason  to  doubt,  on  the  strength 
of  the  few  facts  available,  that  in  a  span  of  24  years  (from  1933  to  1957) 
Orconectes  juvenilis  replaced  both  Cambarus  acuminatus  and  C.  b.  bar¬ 
tonii  in  areas  that  at  one  time  (1949  to  1953,  period  during  which  all 
three  were  known  to  share  the  Lake)  were  exclusively  theirs. 
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Branchiura  sowerbyi  is  a  cosmopolitan  oligochaete  of  the  family  Tubi- 
ficidae  which  frequents  bodies  of  fresh  water  with  high  oxygen  concen¬ 
trations  and  a  suitable  substrate  for  its  burrowing.  The  ‘‘plumed-tail” 
animal  has  been  reported  from  every  continent  on  the  globe  except  Antarc¬ 
tica,  and  its  distribution  poses  some  interesting  problems.  For  example, 
Sublette  (1957)  did  not  report  the  occurrence  of  B.  sowerbyi  in  Lake 
Texoma  (Denison  Reservoir)  after  an  extended  study  of  its  bottom  fauna, 
yet  Evans  (1959)  reported  the  animal’s  occurrence  in  a  stock  watering 
pond  near  the  reservoir.  A  review  of  the  discovery  of  the  worm  and 
its  distribution  has  been  given  by  Ludwig  and  Ziegler  (1962).  A  recent 
study  on  the  oligochaete  fauna  of  southern  India  (Naidu,  1965)  discusses 
the  distribution  of  B.  sowerbyi  and  describes  its  habitat  in  the  area.  Cole 
(1954)  reports  the  animal  from  Knob  Creek,  Bullitt  Co.,  Kentucky  and 
surmises  that  the  oxygen  demand  of  this  oligochaete  is  greater  than  any 
other  member  of  the  Tubificidae. 

The  purpose  of  this  paper  is  to  record  the  worm’s  presence  in  Vir¬ 
ginia  and  to  comment  on  the  relationship  of  its  distribution  to  the  oxygen 
concentration  in  the  water  in  Claytor  Lake  Reservoir.  During  the  sum¬ 
mer  months,  Claytor  Lake  undergoes  an  extreme  oxygen  depletion  which 
extends  over  half  the  length  of  the  reservoir  and  for  a  considerable  dis¬ 
tance  shoreward.  This  area  is  characterized  not  only  by  extreme  oxygen 
depletion,  but  also  by  a  mucky  bottom  due  to  the  river  sediments.  The 
oligochaete  has  never  been  found  in  this  area,  but  has  been  found  in 
adjacent  areas  in  water  with  oxygen  concentrations  no  lower  than  3.0 
mg/L  and  bottom  sediments  composed  of  leaf  debris,  clay,  and  sand. 
The  distribution  of  the  animal  thus  far,  extends  from  the  headwaters 
of  the  reservoir  down  to  the  area  characterized  by  a  minimum  of  3.0 
mg/L  of  oxygen  at  the  height  of  summer  stagnation.  From  this  point 
to  the  dam,  it  is  then  found  only  on  the  periphery  of  the  oxygen-depleted, 
muck  zone  of  the  lake.  To  date  12  specimens  have  been  found,  all  in 
roughly  the  same  type  of  sediment,  and  vary  in  length  from  10mm  to 
57mm  (preserved  lengths). 
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Evidently,  this  organism  was  already  established  in  the  New  River 
before  its  waters  were  impounded.  After  impoundment,  as  the  supply 
of  oxygen  decreased  in  the  lower  regions  of  the  lake,  the  population  be¬ 
came  restricted  to  areas  where  sediments  were  favorable  and  along  the 
shore  where  oxygen  remained  in  ample  supply.  These  observations  sup¬ 
port  Cole’s  assumption  that  the  oxygen  requirements  of  B.  sowerbyi  are 
higher  than  those  of  related  tubificids. 
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It  is  ironic  that  the  flora  of  the  Middle  Peninsula  of  Virginia  is  one 
of  the  least  known  of  all  the  regions  of  the  eastern  states,  because  Tide¬ 
water  Virginia  saw  the  beginning  of  botanical  work  in  what  is  now  the 
United  States,  and  two  outstanding  colonial  botanists  lived  and  worked 
on  this  peninsula  for  many  years. 

The  Middle  Peninsula  is  that  part  of  the  coastal  plain  bounded  by 
the  Rappahannock  River  on  the  north,  Chesapeake  Ray  on  the  east,  and 
the  Vork  River  on  the  south.  It  includes  Gloucester,  Middlesex,  and 
Mathews  counties.  The  peninsula  was  among  the  first  areas  to  be  set¬ 
tled  in  this  country  and  is  notable  for  the  two  pioneer  botanists,  John 
Mitchell  of  Middlesex  County  and  John  Clayton  of  Gloucester  County. 

John  Mitchell  was  a  physician  in  Urbanna  until  he  returned  to  Eng¬ 
land  in  1745  after  more  than  20  years  in  Virginia.  John  Clayton  (1694- 
1773)  was  Clerk  of  Court  of  Gloucester  County  for  more  than  half  a 
century  and  worked  on  the  plants  of  Virginia  for  many  years.  His  col¬ 
lections  form  the  primary  basis  for  the  North  American  plants  in  Lin¬ 
naeus’  Species  Plantarum. 

We  cannot  be  sure  of  the  exact  locality  for  many  of  Clayton’s  col¬ 
lections.  Precise  locality  data  did  not  seem  important  to  the  early  bota¬ 
nists  and  Clayton  rarely  gave  much  information  about  his  collecting  places. 
Fortunately,  his  collections  in  the  Gronovian  herbarium  are  still  carefully 
preserved  in  the  British  Museum,  but  fire  destroyed  his  personal  herbarium 
and  manuscripts  in  1787.  Species  Plantarum  has  most  of  the  species 
collected  by  Clayton  for  the  Flora  Viginica,  but  Linnaeus  did  not  include 
all  of  them.  One  of  the  most  interesting  of  Clayton’s  plants  which  Lin¬ 
naeus  missed  is  an  azalea,  now  Rhododendron  atlanticum  (Ashe)  Rehder, 
which  is  common  on  the  Middle  Peninsula  but  was  not  given  a  binomial 
until  1917  (Fernald,  1941)  and  is  still  poorly  known. 

Settlers  moved  into  the  Middle  Peninsula  more  than  250  years  ago, 


JPart  of  the  research  leading  to  this  paper  was  accomplished  at  the  Virginia  Institute  of 
Marine  Science,  Gloucester  Point,  Virginia. 
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and  clearing,  cultivating,  logging,  draining,  and  burning-over  the  land 
through  the  years  preclude  our  obtaining  an  accurate  knowledge  of  the 
original  vegetation.  The  remaining  forests,  however,  have  white  oak 
( Quercus  alba  L.),  black  oak  (Q.  velutina  Lam.)  and  mockernut  (Cary a 
tomentosa  Nutt|)  as  important,  trees  on  well-drained  areas.  Under  very 
mesophytic  conditions  beech  ( Fagus  grandifolia  Ehrh.)  or  red  maple 
(Acer  rubrum  L.)  is  dominant.  Chestnut  oak  (Q.  prinus  L.)  and  black¬ 
jack  oak  (Q.  marilandica  Muenchh.)  are  prominent  on  the  drier  ridges, 
and  stands  of  loblolly  pine  (Pinus  taeda  L.)  and  Virginia  pine  ( P .  vir- 
giniana  Mill.)  usually  occur  with  the  oaks.  On  moist  areas  water  oak 
(Q.  nigra  L.)  and  willow  oak  (Q.  phellos  L.)  are  common. 

Sourwood  ( Oxydendrum )  and  chinquepin  (Castanea  pumila  (L.) 
Mill.)  are  abundant  in  the  understory  of  the  forests,  and  like  so  much 
of  the  coastal  plain  of  Virginia,  American  holly  (Ilex  opaca  Ait.)  and  bay- 
berry  (Myrica  cerifera  L.)  are  almost  ubiquitous. 

Some  common  plants  of  swamps  are  black  gum  (Nyssa  sylvatica 
Marsh.),  red  maple,  swamp  bay  (Magnolia  virginiana  L.),  red  bay  (Per- 
sea  borbonia  (L.)  Spreng.),  possum  haw  (Viburnum  nudum  L.),  evergreen 
smilax  (Smilax  laurifolia  L.),  and  even  mountain  laurel  (Kalmia  latifolia 
L.). 

River  birch  (Betula  nigra  L.)  and  bald  cypress  ( Taxodium  distichum 
(L.)  Richard)  are  absent  from  most  of  the  Middle  Peninsula;  they  occur, 
however,  along  the  Piankatank  —  Dragon  Run  System  which  bisects  the 
peninsula. 

The  plant  cover  of  the  swamps  and  marshes  in  the  Dragon  Run  area 
is  one  of  the  most  interesting  vegetational  features  of  the  region  and  a 
gallery  forests  of  pumpkin  ash  (Fraxinus  tomentosa  Michx.  f.),  red  maple, 
bald  cypress  river  birch,  and  wild  plum  (Prunus  americana  Marsh.)  bor¬ 
ders  the  upper  reaches  of  the  Piankatank  River. 

Salt  marshes  with  their  distinctive  plants  occur  on  Chesapeake  Bay, 
and  along  the  York,  Piankatank,  and  Rappahannock  rivers  and  their 
tributaries.  Low  sand  dunes  with  characteristic  plants  stretch  along 
Chesapeake  Bay,  the  dunes  becoming  higher  and  more  extensive  on  Mob- 
jack  Bay  where  our  northern-most  station  for  live  oak  (Q.  virginiana  Mill.) 
occurs. 

The  following  plants  are  species  of  ecologic  or  phytogeographic 
significance.  The  list  excludes  most  wide-ranging  species  and  weeds.  Its 
special  phytogeographic  significance  lies  in  the  fact  that  many  species 
of  the  southern  states,  some  of  them  extending  far  up  the  Mississippi 
Valley,  have  their  northern-most  stations  on  the  Middle  Peninsula  of 
Virginia. 
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Ophioglossam  vulgatum  L.  Rare  on  the  Middle  Peninsula;  one  station 
in  a  woodland  underlain  by  marl.  Gloucester  Co.,  13462. 

Isoetes  engelmanni  A.  Br.  Local  in  pocosins.  Gloucester  Co.,  12444. 
Number  11376  from  James  City  County  (Harvill,  1965)  belongs  to 
this  species  and  was  erroneously  reported  as  I.  saccharata  Engelm.; 
the  specimen  was  kindly  determined  by  Dr.  C.  V.  Morton  of  the 
Smithsonian  Institution. 

Taxodium  distichum  (L.)  Richard.  Common  on  the  Dragon  Run-Pianka- 
tank  System.  Gloucester,  Middlesex,  and  Mathews  counties;  many 
numbers. 

Ruppia  maritima  L.  Abundant  in  brackish  pools.  Gloucester  Co.,  12368: 
Mathews  Co.,  13165. 

Zannichellia  palustris  L.  Abundant  in  brackish  pools.  Gloucester  Co., 
12331;  Middlesex  Co.,  1242a. 

Zostera  marina  L.  In  marine  bays  and  coves.  Gloucester  Co.,  12538; 
Mathews  Co.,  13209.  Massey  cites  no  collections. 

Ammophilla  breviligulata  Fern.  On  beaches  and  sand  dunes.  Mathews 
Co.,  many  numbers. 

Panicum  amarulum  Hitch  .&  Chase.  On  beaches  and  dunes.  Mathews 
Co.,  13144  and  13211. 

P.  amarum  Ell.  On  sand  dunes.  Mathews  Co.,  13212. 

Carex  joori  Bailey.  On  cut-over  areas,  local.  Gloucester  Co.,  13163. 

Cyperus  grayii  Torr.  On  beaches  and  sand  dunes.  Mathews  Co.,  13153. 

Eleocharis  parvula  (R.  &  S.)  Link.  Abundant  in  brackish  intertidal  pools. 
Gloucester  Co.,  12639. 

E.  quadrangulata  (Michx.)  R.  &  S.  In  freshwater  bays,  local.  Middlesex 
Co.,  13442. 

Fimbristylis  castanea  (Michx.)  Vahl.  Common  in  brackish  marshes. 
Gloucester,  Middlesex,  and  Mathews  counties. 

Scirpus  robustus  Pursh.  Abundant  in  brackish  marshes.  Gloucester  Co., 
12302.  A  northward  extension  from  the  Norfolk  Peninsula. 

Heteranthera  rerdformis  R.  &  P.  Common  in  mud  along  creeks.  Mid¬ 
dlesex  Co.,  13402. 

J uncus  roemerianus  Scheele.  Abundant  in  brackish  marshes.  Gloucester 
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Co.,  many  numbers;  Mathews  Co.,  12396.  An  extension  from  the 
Norfolk  Peninsula. 

Medeola  virginiana  L.  In  organic  soils,  local.  Gloucester  Co.,  12382. 

Smilax  laurifolia  L.  Abundant  in  swamps  where  it  climbs  on  shrubs  and 
trees.  Gloucester  Co.,  12333;  Middlesex  Co.  An  extension  from 
The  Peninsula  of  Virginia. 

Habenaria  cristata  (Michx.)  R.  Br.  On  roadsides,  local.  Mathews  Co., 
13225. 

Myrica  cerifera  L.  Very  common  throughout  the  Middle  Peninsula. 

Castanea  pumila  (L.)  Mill.  Common  on  roadsides. 

Quercus  lyrata  Walt.  In  swamps  and  pocosins,  local.  Middlesex  Co., 
13148. 

Q.  nigra  L.  In  lowland  soils;  common  on  the  Middle  Peninsula. 

Salicornia  bigelovii  Torr.  On  tidal  flats,  local.  Gloucester  Co. 

S.  virginica  L.  Tidal  flats,  local.  Gloucester  Co.,  12360;  Mathews  Co., 
13148. 

Suaeda  maritima  (L.)  Dumort.  On  tidal  flats,  local.  Mathews  Co., 
13149.  Massey  cites  no  collections. 

Sesuvium  maritimnm  (Walt.)  BSP.  On  beach  dunes,  very  local.  An 
extension  from  the  Norfolk  Peninsula. 

Spergularia  marina  (L.)  Griseb.  In  tidal  pools,  local.  Gloucester  Co., 
13138. 

Persea  borbonia  (L.)  Spreng.  Locally  abundant  in  swamps.  Glouces¬ 
ter  Co.,  12355.  An  extension  from  The  Peninsula. 

Decumaria  barbara  L.  Rare;  in  swamps  and  bogs.  Gloucester  Co., 
12408. 

Callitriche  stagnalis  Scop.  Freshwater  pools,  rare.  Middlesex  Co.  Na¬ 
tive  of  Europe;  apparently  the  first  record  for  Virginia. 

Ilex  glabra  (L.)  Gray.  Very  rare;  one  station  in  a  woodland.  Glouces¬ 
ter  Co.,  12499.  An  extension  from  The  Peninsula. 

Hibiscus  moscheutos  L.  Common  in  brackish  marshes.  Gloucester,  Mid¬ 
dlesex,  and  Mathews  counties;  many  numbers. 

Kosteletzkya  virginica  (L.)  Presl.  Common  in  brackish  marshes.  Glou¬ 
cester,  Middlesex,  and  Mathews  counties;  many  numbers. 
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Triadenum  waited  (Gmelin)  Gl.  In  swamps,  local.  Middlesex  Co.,  14338. 
Apparently  the  second  record  for  the  State  and  first  for  the  coastal 
plain;  Massey  reports  it  from  Augusta  Co. 

Hudsonia  tomentosa  Nutt.  On  low  sand  dunes,  very  rare.  Mathews 
Co.,  13161.  An  extension  from  the  Norfolk  Peninsula. 

Lechea  mantima  Leggett.  On  sand  dunes,  local.  Mathews  Co.,  13162. 
An  extension  from  Princess  Anne  Co. 

Centella  erecta  (L.f.)  Fern.  On  beaches,  very  rare.  Mathews  Co.,  12405. 
A  northward  extension  from  York  Go. 

Eryngium  aquaticum  L.  In  brackish  water  of  the  intertidal  zone,  rare. 
Middlesex  Co.,  13349. 

Lilaeopsis  chinensis  (L.)  Ktze.  Abundant  in  brackish  water  of  intertidal 
zones.  Gloucester  Co.,  13472;  Middlesex  Co.,  12428. 

Epigaea  repens  L.  In  organic  soils,  very  local.  Gloucester  Co.,  13196; 
Middlesex  Co.,  12384. 

Rhododendron  atlanticum  (Ahes)  Rehder.  Abundant  in  boggy  areas 
Gloucester  Co.,  12403;  Mathews  Co.,  13231.  An  extension  from  the 
Norfolk  Peninsula,  it  apparently  is  rare  or  missing  from  The  Peninsula 
of  Virginia. 

Symplocos  tinctoria  (L.)  L’Her.  A  single  station  on  a  roadside,  very 
rare.  Mathews  Co.,  13230. 

Fraxinus  tomentosa  Michx.  f.  Common  in  the  gallery  forest  along  Meggs 
Bay.  Middlesex  Co.,  12397. 

Gelsemium  sempervirens  (L.)  Ait.  f.  Wodlands,  very  local.  Middlesex 
Co.,  12392.  An  extension  from  The  Peninsula. 

Trachelospermum  dif forme  (Walt.)  Gray.  Boggy  cut-over  areas,  rare. 
Gloucester  Co.,  12482. 

Callicarpa  americana  L.  Clearings  and  openings  in  woods;  local.  Glou¬ 
cester  Co.;  Middlesex  Co.,  13453. 

Gerardia  maritima  Raf.  Common  in  tidal  flats.  Gloucester  Co.,  13201. 
Massey  lists  only  Princess  Anne  Co. 

Bignonia  capriolata  L.  In  woodlands,  local.  Middlesex  Co.,  12508. 

Viburnum  nudum  L.  Common  in  swamps.  Gloucester,  Middlesex,  and 
Mathews  counties;  many  numbers. 


[July 


148  The  Virginia  Journal  of  Science 

Eupatorium  dubium  Willd.  Marshes  and  swamps,  local.  Middlesex  Co., 
13415. 

Pluchea  foetida  (L.)  DC.  Swamps,  local.  Gloucester  Co.,  13157. 

P.  purpurascens  (Sw.)  DC.  Locally  abundant  in  brackish  marshes.  Glou¬ 
cester  Co.,  13449.  A  northward  extension  from  James  City  Co. 

Solidago  sempervirens  L.  Coastal  areas,  local.  Gloucester  Co.,  13471; 
Mathews  Co.,  12398. 
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On  April  1,  1964,  and  May  5,  1964,  acanthocephalans  identified 
as  Prosthorhynchus  formosum  (Van  Cleave,  1918)  were  recovered  frofn  a 
robin,  Tundus  migratorius  and  a  starling,  Sturnus  vulgaris,  collected  in 
Salem,  Roanoke  County,  Virginia.  The  starling,  found  on  the  Roanoke 
College  campus  by  Mr.  Jonathan  Wilson,  could  flutter  its  wings  but  not 
fly,  although  the  bird  appeared  to  be  mature.  Upon  autopsy,  two  im¬ 
mature  female  specimens  of  P.  formosum  were  recovered;  no  other  hel¬ 
minths  were  observed.  The  robin  was  found  dead  at  a  Salem  residence 
with  one  leg  entangled  in  string  attached  to  a  shrub  near  a  bird  feeder. 
Upon  autopsy,  nine  acanthocephalans  and  several  unidentified  tapeworms 
and  nematodes  were  recovered.  The  six  acanthocephalans  studied  from 
the  robin  included  three  mature  males,  one  immature  female  and  two 
incipiently  mature  females  of  P.  formosum.  Three  of  nine  worms  recover¬ 
ed  were  inadequate  for  study. 

Specimens  of  this  species  have  been  deposited  in  the  Helminthologi¬ 
cal  Collection  of  the  U.  S.  National  Museum  (Nos.  60096  and  60097). 
All  of  these  worms  subscribed  to  the  specific  description  and  emendments 
given  for  this  species  by  Van  Cleave  (1918,  and  1942),  although  the 
specimens  from  the  robin  were  somewhat  smaller,  with  the  females  meas¬ 
uring  8.66  X  1.79  mm  (av  of  three)  as  contrasted  to  9.5  X  2  mm.  In 
addition,  one  of  the  immature  females  from  the  starling  was  smaller, 
measuring  7.5  X  1.48  mm.  The  cylindrical  probosces  of  the  smaller 
specimens  accordingly  were  smaller  but  armed  with  the  characteristic  16 
rows  of  hooks  with  13  hooks  per  row.  Although  the  lengths  of  some 
of  the  thorns  deviated  from  the  original  description  and  emendments 
(Van  Cleave,  1918  and  1942)  probably  because  of  foreshortening  result- 
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mg  from  their  occupying  two  or  more  optical  planes,  several  series  of 
measurements  indicated  them  to  represent  P.  formosum. 

The  “brain”  and  retinacula,  apparent  in  only  one  specimen  from  the 
robin,  were  situated  and  emerged  respectively  from  the  midlength  of 
the  bilamellated  proboscis  receptacle.  The  lemnisci,  two  dorsal  and  two 
ventral,  were  clearly  visible  in  only  one  specimen.  These  invaginations 
appeared  to  originate  at  the  same  level  on  each  side  of  the  body.  The 
four  lemnisci,  measuring  1.24  mm  (1.06  —  1.34)  X  0.08  mm  (0.07  —  0.09) 
(av  of  three)  were  somewhat  different  in  their  dimensions  from  those 
given  by  Van  Cleave  (1918),  0.192  X  0.058  mm.  However,  the  length 
given  by  Van  Cleave  should  probably  be  1.92  mm.  Undoubtedly  the 
decimal  point  was  misplaced,  for  he  indicated  in  figure  4,  page  39,  that 
it  was  longer  than  the  proboscis  receptacle  and  gave  the  length  of  that 
organ  on  page  25  as  1.73  mm.  In  two  of  three  females  recovered  from 
the  robin  the  majority  of  the  eggs  were  in  masses  and  very  few  eggs 
attained  the  minimum  dimensions  given  by  Van  Cleave  (1918)  and  none 
attained  the  emended  dimensions  (Van  Cleave,  1942). 

This  record  of  P.  formosum  in  birds  in  Virginia  corroborates  Van 
Cleave’s  previous  record  of  its  occurrence  in  the  State,  although  its  pres¬ 
ence  in  a  starling  has  not  previously  been  reported  in  Virginia.  Never¬ 
theless,  the  observations  by  Ward  (1950)  and  Van  Cleave  (l947a)  render 
the  consideration  of  its  pathogenicity  in  the  starling,  as  well  as  its  poten¬ 
tial  occurrence  in  poultry  in  Virginia  worthy  of  further  deliberation.  The 
previous  account  of  Acanthocephala  in  Virginia  (Holloway,  1964)  makes 
to  possible  to  consider  other  thorny-headed  worms  occurring  in  the  State, 
which  may  also  be  potential  parasites  of  poultry. 

Obviously  these  endoparasites  may  be  deleterious  to  their  hosts  in 
several  ways.  By  penetrating  the  intestinal  mucosa  with  their  proboscis 
hooks  they  produce  new  portals  of  entry  for  microbial  disease-producing 
organisms.  Since  these  worms  are  devoid  of  a  digestive  system  the  hosts’ 
intestinal  contents  and  gut  wall  derivatives  are  absorbed  through  the  body 
wall  and  utilized  in  their  metabolic  processes.  Thus  the  hosts  are  de¬ 
prived  of  certain  nutrients.  Finally,  these  worms  may  produce  toxic 
secretions.  The  former  two  types  of  injuries  are  readily  perceived  and 
chronic,  for  these  worms  are  attached  by  embedding  the  hook  covered 
proboscis  in  the  intestinal  wall,  with  the  trunk  suspended  freely  in  the 
lumen.  Recently  Bullock  (1963)  has  reemphasized  and  demonstrated  in 
piscine  infections  with  the  acanthocephalan,  Acanthocephalus  facksoni 
Bullock,  1962,  that  pathogenicity  may  also  be  related  to  the  nature  of 
some  species  of  acanthocephalans  to  move  around  in  the  gut  causing  addi¬ 
tional  mucosal  lesions.  The  production  of  “toxic  secretions”  is  not  so 
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obvious  and  is  suspected  to  occur  infrequently  in  acanthocephalan  infec¬ 
tions. 

The  association  of  the  inability  of  starlings  to  fly  but  retention  of 
muscular  contraction  in  P.  formosum  infections  has  not  been  observed 
previously.  However,  Ward  (1950)  stated,  “Furthermore,  it  appears 
that  Plagiorhynchus  formosus  produces  severe  symptoms .  possibly  due  to 
toxic  secretions,  in  robins.  Jones  (1928)  reported  that  three  immature 
specimens  of  this  parasite  were  collected  from  a  robin  found  paralyzed 
on  the  poultry  farm  from  which  the  infected  chick  had  come.  In  a  sur¬ 
vey  of  the  intestinal  contents  of  a  large  number  of  robins  in  1937,  Dr. 
J.  C.  Howell  found  one  or  two  specimens  of  P.  formosus  in  each  of  three 
robins  which  were  incapable  of  sustained  flight,  although  they  were  able 
to  move  by  fluttering  their  wings.  Since  the  acanthocephalans  were  not 
found  in  any  of  the  healthy  robins,  it  seems  very  probable  that  the  para¬ 
sites  were  responsible  for  the  partially  paralyzed  condition  of  the  infected 
birds.”  Boyd  (1951)  observed  emaciation  and  blackening  of  the  visceral 
contents  of  starlings  infected  with  P.  formosum  and  another  acantho¬ 
cephalan,  Mediorhynhcus  robustus  Van  Cleave,  1916.  Although  deleterious 
effects  associated  with  P.  formosum  infections  have  been  repeatedly  noticed 
in  nature  the  experimental  demonstration  of  cause  and  effect  still  remains 
to  be  contributed. 

According  to  Van  Cleave  (1947a),  the  following  acanthocephalan 
species,  which  are  known  to  occur  in  Virginia  (see  Holloway,  1964), 
may  under  certain  conditions  infect  chickens:  P.  formosum,  Ontcicola  canis 
(Kaupp,  1909)  and  Mediorhynchus  grandis  Van  Cleave,  1916. 

Relative  to  parasitism  of  poultry  by  P.  formosum,  Ward  (1950)  en¬ 
countered  two  records  of  infections  of  chickens  by  this  parasite  in  the 
United  States;  Jones’  report  from  New  Jersey  and  Todd’s  report  from 
Tennessee.  Due  to  its  known  restricted  distribution,  encompassing  a 
small  area  in  the  eastern  United  States  with  the  District  of  Columbia  as 
the  focus,  i.e.,  the  geographical  center  of  its  range,  and  because  its  geo¬ 
graphic  restriction  is  apparently  not  due  to  a  similarly  restricted  inter¬ 
mediate  host,  for  Sinitsin  (1929)  encountered  the  larval  stage  in  a  widely 
distributed  “pill  bug”  ( Armadillidum  vulgar e) ,  Van  Cleave  (1942)  sug¬ 
gested  that  P.  formosum  is  probably  a  recently  introduced  species  to  North 
America.  The  range  given  by  Van  Cleave  (1942)  has  been  extended 
southward  to  Tennessee  by  Ward  (1950).  Lists  of  the  states  from  which 
P.  formosum  has  been  reported  and  the  wide  variety  of  song  birds  from 
which  it  has  been  recovered  have  been  compiled  by  Van  Cleave  (1942). 
The  chicken  appears  to  be  an  auxiliary  definitive  host  (homologous  host) 
which  secures  its  infection  upon  the  ingestion  of  the  arthropod  inter¬ 
mediate  host. 
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Another  species  of  Acanthocephala  known  to  occur  in  Virginia  (Pro- 
gulske,  1952,  manuscript  thesis),  Oncicola  canis  (Kaupp,  1909),  has  been 
recovered  from  turkey  poults  in  Texas  (Price,  1929).  It  occurs  in  tur¬ 
keys  as  juveniles  in  esophageal  subepithelial  cysts.  O.  canis  is  not  nor¬ 
mally  an  avian  parasite  as  are  P.  formosum  and  M.  grandis  a  species  con¬ 
sidered  below.  Rather,  O.  canis  is  normally  an  intestinal  parasite  of  bob¬ 
cats  and  dogs.  This  species  has  also  been  reported  encysted  in  the  mesen¬ 
teries  and  viscera  of  armadillos  (Van  Cleave,  1921).  The  turkey  and 
armadillo  are  transport  or  paratenic  hosts  rather  than  true  intermediate 
or  definitive  hosts.  As  arthropods  invariably  serve  as  the  first  inter¬ 
mediate  host  of  all  acanthocephalans  for  which  life  cycles  are  known,  it 
would  appear  that  turkeys  and  armadillos  become  infected  upon  inges¬ 
tion  of  arthropods  harboring  acanthocephalan  larvae.  Predators  such  as 
bobcats  and  dogs  most  probably  become  infected  by  ingesting  the  viscera 
of  paratenic  hosts  containing  encysted  juveniles. 

Although  no  species  of  die  genus  Mediorhynchus  has  been  reported 
as  a  poultry  parasite  in  the  United  States,  one  species,  Mediorhynchus 
gallinarum  (Bhalerao,  1937),  has  been  reported  from  domestic  chickens 
in  India  and  the  Philippines  (Van  Cleave,  1947a).  A  closely  related 
species,  M.  grandis  has  been  reported  in  crows  in  Virginia  by  Daly  (1959). 
Van  Cleave  (1947b)  has  considered  the  geographical  distribution  of  M. 
grandis  in  the  United  States  and  has  listed  the  song  birds  which  are 
known  to  serve  as  hosts. 

Leigh  (1940)  recovered  two  immature  male  specimens  of  another 
species  of  Mediorhynchus,  M.  papillosus  Van  Cleave,  1916,  from  a  prairie 
chicken  in  Illinois  and  Van  Cleave  (1947b)  noted  that  although  Leigh 
was  warranted  in  the  specific  designation,  a  possibility  exists  that  Leigh’s 
specimens  may  represent  an  undescribed  species.  Thus  it  would  appear 
that  under  suitable  conditions  this  species  may  also  become  established 
in  domestic  fowl  on  open  range. 

Van  Cleave  (1947a)  considered  M.  grandis  with  the  highest  prob¬ 
ability  of  all  North  American  species  of  Mediorhynchus  to  become  estab¬ 
lished  in  domestic  chickens,  particularly  because  its  natural  hosts  are  birds. 
The  demonstration  by  Moore  (1962)  that  certain  species  of  grasshop¬ 
pers,  which  are  frequently  ingested  by  chickens,  can  serve  as  the  arthropod 
intermediate  host  of  M.  grandis  supports  Van  Cleave’s  conclusion. 

SUMMARY 

The  recovery  of  P.  formosum  from  the  intestine  of  T.  migratorius 
and  S.  vulgaris  in  Roanoke  County  substantiates  Van  Cleave’s  record  (1942) 
of  its  occurrence  in  Virginia  and  adds  the  starling  as  a  host  in  the  area. 
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The  means  by  which  these  worms  exert  pathogenic  effects  on  their  hosts 
are  considered  and  the  pathogenicity  resulting  from  the  movement  of 
worms  in  tire  gut  is  noted.  The  partial  paralysis  of  the  starling  infected 
with  P.  formosum,  similar  to  the  condition  reported  in  robins  infected 
with  the  same  species,  has  not  been  previously  reported.  However,  the 
experimental  demonstration  of  cause  and  effect  remains  to  be  shown 
in  both  instances.  Among  the  Acanthocephala  known  to  occur 
in  Virginia  (Holloway,  1964)  the  following  may  under  certain  conditions 
infect  chickens:  P.  formosum,  M.  grandis  and  O.  canis.  Obviously,  with 
its  apparent  pathogenicity  in  robins  and  starlings,  P.  formosum  poses  the 
greatest  threat,  since  it  may  be  a  recently  introduced  species  to  North 
America  and  has  been  twice  reported  infecting  poultry  in  the  United 
States. 
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Two  species  of  freshwater  bryozoans,  Lophopodella  carteri  (Hyatt) 
and  Vectinatella  gelatinosa  Fleming,  have  been  reported  to  contain  sub¬ 
stances  toxic  to  fishes  (Rogick,  1957;  Tenney  and  Woolcott,  1964).  Also, 
preliminary  studies  by  Collins  et  al.  (1964)  showed  that  substantial  dis¬ 
ruption  of  the  gill  epithelium  occurred  in  larvae  of  the  marbled  sala¬ 
mander,  Ambystoma  opacum  (Gravenhorst),  when  poisoned  with  L.  car¬ 
teri.  Tenney  and  Woolcott  (1964)  treated  adult  mice  and  frogs,  frog 
tadpoles  and  a  variety  of  aquatic  invertebrates  with  homogenates  of  L. 
carteri  and  found  these  animals  to  be  unaffected  by  the  poison. 

The  present  study  was  undertaken  to  determine  in  detail  the  patho¬ 
logical  changes  in  gill  tissues  of  goldfish,  Carassius  auratus  (Linnaeus), 
and  larvae  of  A.  opacum  subjected  to  homogenates  of  L.  carteri. 

MATERIALS  AND  METHODS 

Colonies  of  L.  carteri,  collected  from  the  Virginia  State  Bass  Hatchery 
on  August  1,  1963  and  September  25,  1964  were  placed  in  dialysis  tub¬ 
ing  and  deep  frozen  at  — 10 °C.  The  experimental  animals  were  32  larvae 
of  A.  opacum  (total  length  1. 0-2.0  cm)  and  100  specimens  of  C.  auratus 
(standard  length  1. 0-3.0  cm). 

Stock  homogenates  of  L.  carteri,  made  fresh  immediately  before  each 
experiment,  were  prepared  by  grinding  frozen  colonies  in  a  rotary  blender, 
and  diluting  with  distilled  water  to  give  a  20  per  cent  (wt./vol.)  con- 
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centration.  On  the  basis  of  preliminary  tests,  working  solutions  were 
prepared  from  stock  homogenates  in  concentrations  sufficient  to  kill  test 
animals  in  approximately  one  hour.  For  the  fish,  this  amounted  to  4.0 
ml  of  stock  homogenate  of  the  1963  collection  to  50  ml  of  spring  water; 
the  material  collected  in  1964  was  equally  effective  in  a  concentration 
of  2.0  ml  in  50  ml.  Salamanders  proved  more  resistant  than  fish  and 
were  tested  in  a  solution  containing  5.0  ml  of  the  1964  homogenate  in 
50  ml  of  spring  water. 

The  test  animals  were  placed  in  finger  bowls  containing  test  solu¬ 
tion;  specimens  were  removed  at  intervals  of  15,  30,  45  and  60  minutes 
and  placed  in  Zenker’s  or  Bouins  fixative.  Control  animals  were  kept 
in  50  ml  of  spring  water  for  60  minutes  and  then  fixed.  The  heads, 
including  the  gills,  were  removed  and  embedded  in  paraffin  following 
standard  procedures.  The  fish  were  sectioned  serially  at  8,  12  or  15 
microns  and  the  salamanders  at  7  microns.  The  mounted  sections  were 
stained  with  Delafield’s  hematoxylin  and  eosin  Y  (Humason,  1962). 

EXPERIMENTS  AND  RESULTS 

Experiments  were  conducted  to  determine  and  compare  the  effects 
of  the  homogenates  on  salamander  larvae  and  fish  with  respect  to  the 
factors  of  size  of  test  organisms,  length  of  exposure  to  the  homogenates 
and  age  of  stored  bryozoan  material.  Changes  in  behavior,  gross  struc¬ 
ture,  and  pathological  modifications  of  the  gill  tissues  were  evaluated. 

EXPERIMENT  1 

To  compare  responses  of  goldfish  in  two  different  size  groups,  eight 
specimens  that  ranged  from  1.0-1. 4  cm  st.  lg.  and  eight  from  1. 6-2.5  cm 
were  exposed  to  the  homogenate  from  the  1964  collections  (2.0  ml/50 
ml  of  spring  water).  Two  fish  from  each  size  group  were  maintained 
as  controls. 

Beginning  8-10  minutes  after  the  fish  were  introduced  into  the  solu¬ 
tions,  the  animals  exhibited  increased  activity  followed  by  an  accelerated 
rate  of  breathing  movements,  loss  of  balance,  and  exudation  of  mucus 
from  the  gill  regions.  The  behavior  pattern  conformed  to  that  noted  by 
Tenney  and  Woolcott  (1964).  There  were  no  differences  with  relation 
to  size  of  fish  and  influence  of  poison. 

Figure  1  is  a  photomicrograph  of  a  section  of  the  normal  gill  in 
one  of  the  goldfish  used  as  a  control.  The  epithelial  lining  of  each  fila¬ 
ment  is  a  uniseriate  layer  with  oval  nuclei;  where  this  lining  extends 
around  a  lamella  the  nuclei  and  cells  are  extremely  flattened.  The  affer¬ 
ent  and  efferent  vessels,  separated  by  a  bar  of  hyaline  cartilage,  normally 
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are  filled  with  red  blood  cells  and  give  rise  to  capillary  beds  for  respira¬ 
tory  activity.  Sections  from  Zenker’s  fixative  showed  more  detail  in  the 
epithelial  region  than  those  from  Bouins  which  distorted  the  tissues. 

In  poisoned  fish  there  was  a  progressive  disintegration  of  gill  tissue 
and  changes  in  the  appearance  of  the  epithelial  lining  of  the  pharyngeal 
wall.  In  specimens  treated  for  15  minutes,  the  epithelium  of  the  gills 
was  swollen  and  had  a  blistered  appearance;  the  lamellae  were  indistinct, 
as  they  were  distorted  and  folded  onto  the  filament.  At  30  minutes  the 
matrix  showed  degenerative  changes  and  the  linings  of  the  lamellae  were 
separated  (Fig.  2).  By  the  end  of  60  minutes  the  lamellae  had  disinte¬ 
grated,  allowing  the  blood  cells  to  flow  into  the  pharyngeal  cavity  and 
mix  with  the  abundant  mucus  from  the  mouth  region.  The  disassociated 
epithelial  cells  were  scattered  throughout  the  pharynx,  some  clinging  to 
gill  filaments.  The  afferent  and  efferent  filamental  arteries  were  swollen 
but  most  of  them  remained  intact;  however,  some  were  ruptured  at  the 
extremities.  There  was  a  pronounced  swelling  of  the  pharyngeal  epithe¬ 
lium.  There  was  evidence  of  a  correlation  between  increase  in  the  num- 
aber  of  goblet  cells  with  increased  exposure  time  to  the  homogenate. 

EXPERIMENT  2 

Goldfish  were  used  in  comparing  the  effects  and  relative  toxicity 
of  L.  carteri  collected  in  1963  with  that  collected  in  1964;  the  procedure 
was  the  same  as  for  Experiment  1.  The  behavioral  pattern  and  pathologi¬ 
cal  effects  on  gill  structure  of  test  animals  closely  resembled  those  de¬ 
scribed  for  Experiment  1.  However,  the  homogenate  from  the  1963 
collection  took  almost  twice  as  long  to  produce  comparable  results  at  the 
same  concentration. 

To  test  the  effect  of  dilution,  eight  fish  were  treated  with  homoge¬ 
nate  from  the  1963  collection  in  a  dilution  of  4.0  ml  to  50  ml  of  water, 
and  another  eight  were  subjected  to  homogenate  from  the  1964  collection 
in  the  ratio  of  2.0  ml  to  50  ml  of  water.  There  were  no  differences 
in  the  patterns  of  response  either  at  the  gross  or  histological  levels  at 
any  of  the  time  intervals. 

EXPERIMENT  3 

This  experiment  was  designed  to  determine  the  effects  of  the  homo¬ 
genate  on  the  larvae  of  A.  opacum.  Preliminary  tests  showed  that  larval 
salamanders  were  able  to  survive  as  long  as  three  hours  in  concentrations 
of  the  1964  material  that  were  lethal  to  fish  within  60  minutes.  A  con¬ 
centration  of  5.0  ml  of  homogenate/50  ml  of  spring  water  killed  the  ani¬ 
mals  at  approximately  one  hour,  and  that  concentration  was  used  in  this 
experiment.  Sixteen  larvae  were  tested  as  described  for  fishes.  Four 
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were  removed  and  fixed  at  each  time  interval,  and  four  were  kept  as  con¬ 
trols. 


The  salamanders,  which  at  first  were  motionless  in  the  bowls,  began 
spasmodic  movements  followed  by  loss  of  balance  about  35  minutes  after 
introduction  of  the  homogenate.  As  early  as  10  minutes,  the  ends  of  the 
gill  fimbriae  developed  a  blistered  appearance  and  there  was  a  progres¬ 
sive  swelling  that  spread  throughout  the  fimbriae.  Mucus  secretions 
were  noted  in  the  gill  region  after  15  minutes  and  hemorrhaging  of 
capillaries  spread  from  the  tips  of  the  fimbriae  to  their  bases  within  45 
minutes.  Movement  of  fluid  by  the  cilia  on  the  gills  ceased  at  40  min¬ 
utes.  At  60  minutes  vesiculation  of  the  gill  fimbriae,  secretion  of  mucus, 
and  emission  of  blood  from  the  gill  region  was  extensive. 

The  gills  of  normal  larvae  have  a  uniseriate  epidermis  with  flattened 
nuclei  and  a  network  of  inner  connective  tissue  (Fig.  3).  Histological 
sections  of  poisoned  larvae  revealed  extensive  changes  in  gill  structure. 
At  15  minutes  exposure  to  L.  carteri  homogenate,  the  epithelium  was 
swollen  and  there  was  a  slight  blistering.  Specimens  treated  for  30  min¬ 
utes  showed  an  increase  in  swelling  and  blistering  of  the  epithelial  layer 
that  extended  to  the  walls  of  the  pharynx.  The  nuclei  of  intact  epithelial 
cells  were  rounded  and  enlarged  but  many  of  the  cells  were  cytolyzed 
and  their  nuclei  were  free  in  the  pharyngeal  cavity  (Fig.  4).  After  60 
minutes,  there  was  a  general  disintegration  of  the  inner  connective  tissue, 
the  protoplasmic  processes  of  the  cells  were  retracted,  and  their  nuclei 
enlarged. 


DISCUSSION 

The  pathological  changes  in  the  gill  tissues  and  behavorial  patterns 
in  poisoned  animals  indicate  that  the  immediate  cause  of  death  was 
asphyxiation.  The  secretion  of  large  amounts  of  mucus  over  exposed 
pharyngeal  surfaces  is  probably  a  defense  mechanism  against  irritants, 
but  actually  may  contribute  to  respiratory  difficulty.  Much  of  the  mucus 
comes  from  the  pharynx  where  there  is  an  increase  in  the  number  of  gob¬ 
let  cells  of  the  mucosal  layer.  Also,  in  salamander  larvae,  the  ciliated 
epithelial  cells  were  destroyed,  thus  decreasing  flow  of  water  over  gill 
surfaces  and  further  diminishing  the  efficiency  of  gill  respiration.  Once 
the  pathological  changes  had  begun  in  the  gill  tissue  they  proceeded  irrever¬ 
sibly  and  the  animals  slowly  suffocated  even  when  returned  to  spring 
water. 

The  poisonous  principle  in  L.  carteri  appears  to  be  unique  in  its 
action,  although  several  other  organisms  produce  substances  poisonous  to 
fishes  and  other  animals.  The  saponin  from  the  starfish  is  a  neurotoxin 
and  also  has  been  reported  to  have  a  strong  hemolytic  effect  ( Hashimoto 
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and  Yasumoto,  1960).  Holothurin  is  produced  in  the  sea  cucumbers 
(Hyman,  1959),  and  acts  in  a  manner  similar  to  the  poison  from  star¬ 
fish.  Neither  of  these  substances  is  known  to  affect  the  gill  tissues  di¬ 
rectly.  Tarichatoxin  from  the  eggs  of  several  species  of  the  salamander 
Taricha  (Mosher  et  al.,  1964)  is  a  neurotoxin  and  is  identical  to  tetrodo- 
toxin  from  the  puffer  fish.  Several  other  organic  neurotoxins  are  known 
to  occur  in  various  salamanders,  including  one  in  the  skin  of  Triturus 
pyrroghaster,  which  is  a  respiratory  depressant  in  mammals.  The  nemato- 
cyst  toxin  of  Physalia  phy salts,  isolated  by  Lane  and  Dodge  (1958),  affects 
the  nervous  system  of  fishes  and  frogs,  particularly  the  respiratory  cen¬ 
ters.  Abbot  and  Ballantine  (1957)  regard  the  toxin  produced  by  the 
dinoflagellate,  Gymnodinium  veneficum,  as  a  neurotoxin  that  is  absorbed 
through  the  gills  of  fishes  although  the  gross  behavioral  responses  of 
poisoned  fishes  described  by  them  are  similar  to  those  elicited  by  L.  carteri 
homogenates. 

In  these  experiments  the  factors  that  had  the  greatest  influence  upon 
the  rate  of  poisoning  were  concentration  of  homogenate,  length  of  time 
the  bryozoans  had  been  kept  frozen  prior  to  preparation  of  test  solutions 
and  the  kind  of  animal  tested.  The  toxic  effects  did  not  appear  to  be 
influenced  by  the  size  of  the  animals.  This  observation  is  in  agreement 
with  those  of  Tenney  and  Woolcott  (1964)  who  found  that  differences 
in  response  to  the  poison  were  more  pronounced  among  species  of  fishes 
than  within  a  species,  regardless  of  the  size  of  individuals.  Lagler  et  al. 
(1962)  state  that  the  ratio  of  body  weight  to  respiratory  surface  of  the 
gils  remains  constant  within  a  species  of  fish  but  varies  considerably  among 
species.  The  comparatively  greater  resistance  of  the  larval  salamanders 
to  poisoning  may  be  due  to  their  having  both  a  thin,  mucus-covered  body 
epithelium  that  functions  in  cutaneous  respiration  (Noble,  1931),  and  a 
relatively  large  gill  surface/weight  ratio.  The  scales  of  fishes  make  cuta¬ 
neous  respiration  of  minimal  importance.  There  was  no  gross  visible 
effect  on  body  epithelium  of  the  salamanders;  however,  histological  studies 
were  confined  to  the  branchial  region  of  the  animals  and  therefore  the 
effects  on  other  structures  are  not  known. 

There  is  a  direct  relation  between  the  development  of  specific  effects 
of  the  poison  and  dilution  of  homogenate.  Differences  between  toxicity 
of  homogenates  from  bryozoans  collected  in  1963  and  1964  may  have 
been  due  to  a  chemical  decomposition  over  the  extended  period  of  stor¬ 
age.  Specimens  stored  frozen  for  long  periods  tend  to  dry  and  change 
from  a  deep  brown  to  a  yellow-brown  color;  in  any  case,  stock  homoge¬ 
nates  must  be  used  immediately  after  preparation  as  toxicity  declines 
over  a  period  of  several  hours.  Until  the  poisonous  principle  is  isolated 
and  chemically  defined,  however,  the  exact  nature  and  causes  of  deteriora¬ 
tion  cannot  be  determined. 
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Oda  (1958)  implied  that  the  poisonous  principle  in  L.  carten  and 
F.  gelatinosa  is  in  the  coelomic  fluid  and  is  discharged  through  a  vestibular 
pore  when  the  individual  polypides  of  these  bryozoans  invaginate.  These 
observations  might  lead  to  the  conclusion  that  the  expelled  fluid  is  of 
survival  value  to  the  bryozoans  in  that  its  irritating  properties  would  dis¬ 
courage  fishes  from  feeding  on  them.  Our  own  extensive  field  and  labo¬ 
ratory  observations  support  this  conclusion.  Fishes  may  swim  in  the  im¬ 
mediate  vicinity  of  abundant  growths  of  L.  carteri,  and  even  brush  against 
the  colonies,  but  have  never  been  observed  to  feed  on  them.  There  is 
no  evidence  that  fishes  are  actually  killed  under  natural  conditions  by 
undisturbed  bryozoan  growths.  However,  when  colonies  are  mechanically 
disrupted  during  fish  harvesting  activities  in  hatcheries,  a  large  mortality 
may  occur  (Rogick,  1957). 


SUMMARY 

Young  goldfish,  Camssius  auratus,  and  larvae  of  the  marbled  sala¬ 
mander,  Ambystoma  opacum,  were  poisoned  by  placing  them  in  diluted 
homogenates  of  the  freshwater  bryozoan  Lophopodella  carteri.  The  con¬ 
centrations  of  the  homogenates  were  adjusted  to  produce  death  at  approxi¬ 
mately  one  hour.  Both  forms  exhibited  a  distress  behavior  indicative  of 
respiratory  difficulty.  Histological  sections  through  the  branchial  regions 
of  the  poisoned  animals  showed  a  hypertrophy  of  the  epithelial  lining 
o  fthe  gills,  destruction  of  lamellae  (fish)  and  fimbriae  (salamanders), 
a  breakdown  of  capillary  walls,  and  an  increase  in  the  number  of  goblet 
cells  in  the  pharynx.  Homogenates  prepared  from  bryozoans  collected 
and  frozen  in  the  fall  of  1964  were  approximately  twice  as  poisonous  as 
those  prepared  from  specimens  collected  in  the  fall  of  1963  and  stored 
frozen  for  approximately  one  year  before  testing.  Possibly  because  of 
their  facility  for  cutaneous  respiration,  salamander  larvae  were  more  re¬ 
sistant  to  the  poison  than  were  the  goldfish.  In  all  cases  the  death  time 
was  directly  related  to  the  concentration  of  the  poison.  Once  the  early 
symptoms  of  distress  had  appeared,  the  effects  were  irreversible. 
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Fig.  2.  A  portion  of  a  hemibranch  of  Carassius  auratus  after  30  min¬ 
utes  exposure  to  homogenate  of  Lophopdella  carteri.  L,  lamellae;  C, 
cartilage.  Reference  line  equals  20  microns. 
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Fig,  3.  A  portion  of  a  gill  fimbria  of  a  control  Ambtj stoma  opacum 
larva.  EN,  epithelial  nucleus;  CT,  connective  tissue;  G,  gill  bar.  Refer¬ 
ence  line  equals  20  microns. 


Fig.  4.  A  portion  of  a  gill  fimbria  of  an  Ambijstoma  opacum  larva 
after  45  minute  exposure  to  Lophopodella  carteri  homogenate.  EN, 
epithelial  nucleus.  Reference  line  equals  20  microns. 
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Salinity  in  natural  waters  has  long  interested  investigators,  and  nu¬ 
merous  methods  for  its  determination  have  been  described  in  the  litera¬ 
ture  (Tillmans  and  Heublein,  1913;  Winkler,  1914;  Bruckmiller,  1916; 
Van  Eck,  1916;  Herbig,  1919;  Fajans  and  Hassal,  1923;  Fajans  and 
Wolff,  1924;  Van  Urk,  1925;  Lundback,  1943;  Knudsen,  1962;  Johnson, 
1964).  Depending  on  the  desired  accuracy  some  of  these  methods  can 
be  difficult  to  perform  as  well  as  time-consuming,  others  may  require 
expensive  or  unusual  equipment  which  is  not  ordinarily  obtained,  and 
still  others  involve  tedious  calculations  (Mullins,  1964).  However,  a 
method  of  salinity  determination  in  water  that  permits  analyses  at  col¬ 
lection  sites  (as  well  as  laboratory)  using  equipment  that  is  easily  trans¬ 
ported  in  a  field  kit  is  not  readily  available.  In  this  regard,  four  methods 
were  investigated  with  some  modifications  in  relation  to  speed,  ease  of 
manipulation,  simplicity,  accessibility  of  materials,  and  maintenance  of  a 
precision  of  3%  or  less  on  duplicate  analyses.  The  four  methods  selected 
for  salinity  comparisons  were  (1)  an  electronic  method  using  a  commer¬ 
cial  chloride  titrator,  and  three  volumetric  methods,  (2)  one  using  0.1% 
dichlorofluorescein  as  an  indicator,  (3)  another  using  saturated  potas¬ 
sium  chromate,  and  (4)  one  using  8%  potassium  chromate. 

MATERIALS  AND  METHODS 

For  the  comparison  of  accuracy  of  the  four  methods,  nine  sodium 
chloride  solutions  were  prepared  of  known  chlorosities  (Chlorosity  is  used 
here  as  the  grams  of  chloride-ion  in  one  liter  of  water  at  20  °C.).  These 
were  made-up  by  dissolving  0.10,  0.50,  1.00,  1.50,  2.00,  2.50,  3.00, 
3.50,  and  4.00  gm.  each  of  dried  sodium  chloride  (130°C.)  in  separate 
100  ml.  volumetric  flasks.  These  were  then  filled  to  the  mark  with  dis¬ 
tilled  water,  and  had  the  following  chlorosities,  respectively:  0.61,  3.04, 
6.07,  9.10,  12.14,  15.18,  18.21,  21.24,  and  24.28.  A  standard  solution 
was  prepared  by  dissolving  31.33  gm.  of  dried  (130°C.)  sodium  chlo¬ 
ride  in  one  liter  of  water.  This  solution  was  of  chlorosity  19.02.  Other 
solutions  included  a  10%  titrating  silver  nitrate  solution  (stored  in  a 
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dark  bottle),  0.1%  dichlorofluorescein  solution  made-up  in  95%  ethyl  alco¬ 
hol  (0.1  gm.  of  dextrin  was  added  to  the  sample  to  be  titrated  when 
this  indicator  was  used),  a  saturated  potassium  chromate  indicator  solu¬ 
tion,  and  an  8%  potassium  chromate  indicator  solution. 

The  identical  procedure  was  used  for  all  titrations,  and  each  con¬ 
sumed  about  the  same  length  of  time;  most  reproducible  resutls  were 
obtained  in  1-3  minutes.  The  volume  reading  was  taken  immediately 
upon  obtaining  the  end-point,  and  it  was  necessary  to  note  identical  color 
changes  when  determining  the  end-point.  The  end-point  observed  using 
dichlorofluorescein  was  the  first  permanent  pink  color,  and  with  potassium 
chromate  it  was  the  first  color  change  from  yellow  to  orange.  All  solu¬ 
tions  and  glassware  were  at  20-25  °C. 

RESULTS 

Duplicate  analyses  were  made  on  each  of  the  nine  sodium  chloride 
solutions  using  the  chloride  titrator,  and  each  volumetric  method.  In 
Fig.  1  the  data  obtained  from  each  method  are  plotted  in  terms  of  per 
cent  error  vs.  each  of  the  nine  samples.  Attention  is  called  to  the  fact 
that  the  relative  percentage  error  begins  to  increase  from  about  3%  at 
10  °/oo  to  24.6%  at  1  °/oo  using  the  saturated  potassium  chromate 
method  as  expected  since  the  absolute  error  remained  esentially  constant. 
It  is  noteworthy  to  point  out  that  there  is  a  1%  error  or  less  at  1  °/oo 
and  at  35-40  °/oo  with  the  chloride  titrator  method,  but  with  this  method 
the  percentage  error  is  above  3%  between  the  extremes.  A  second  series 
of  duplicate  analyses  was  made  for  each  method,  and  the  results  were 
indistinguishable  from  the  series  reported  here. 

As  long  ago  as  1923,  Fajans  and  Hassal  reported  that  dichlorofluores¬ 
cein  was  more  accurate  as  an  indicator  than  potassium  chromate.  This 
seems  to  be  confirmed  in  this  study  as  shown  in  Fig.  1.  But  in  water 
with  salinities  less  than  5  °/oo  it  is  very  difficult  to  see  the  end-point. 
This  is  especially  so  when  one  is  titrating  a  sample  at  a  collection  site. 
The  8%  potassium  chromate  solution  gave  an  end-point  which  was  more 
definite,  and  easier  to  see  than  either  the  dichlorofluorescein  or  saturated 
chromate  solutions.  Consequently,  a  method  for  salinity  determination 
is  recommended  using  8%  potassium  chromate  as  an  indicator  as  follows: 

PROCEDURE 

1.  Standard  Sodium  Chloride  Solution: 

Heat  reagent  grade  sodium  chloride  1-2  hours  at  130° C.,  and  cool 
it  in  a  dessicator;  add  31.33  gm.  to  distilled  water,  and  make-up 
to  one  liter.  This  solution  has  a  chlorosity  of  19.02. 
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Figure  1.  Four  methods  for  salinity  determination  are  compared  for 
accuracy  in  duplicate  analyses. 
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Figure  2.  The  salinity  range  in  the  James  River  is  shown  for  both 
high  and  low  tides  from  the  Fall  Line  at  Richmond,  Virginia  to  the  area 
of  marked  increase  in  salinity. 
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2.  Silver  Nitrate  Solution: 

Make-up  a  10%  solution,  and  store  it  in  a  dark,  brown  bottle. 

3.  Indicator: 

Prepare  an  8%  potassium  chromate  solution. 

4.  Pipet  25  ml.  of  the  Standard  Sodium  Chloride  Solution  into  a  125 
ml.  Erlenmeyer  flask,  and  25  ml.  of  the  water  sample  into  another 
125  ml.  flask. 

5.  Add  6  drops  of  chromate  indicator  to  each  flask. 

6.  Titrate  each  flask  contents  with  10%  silver  nitrate  (using  a  10  ml. 
buret)  to  the  end-point  (the  first  color  change  to  dirty  orange),  and 
record  the  volume  required  for  each  titration. 

7.  Calculations  for  water  sample: 

a)  Chlorosity  —  19.02  /  vol.  to  titrate  std.  X  vol.  to  titrate  sample 

b)  Chlorinity  =  chlorosity  /  sp..gr.  of  HOH  at  20°C. 

c)  Salinity  =  0.030  +  1.805  X  chlorinity 

Note:  chlorinity  is  expressed  here  as  grams  of  chloride  in  1  kg.  of 
water,  and  salinity  as  the  total  weight  of  salt  in  grams  found  in  1 
kg.  of  water.  Both  chlorinity  and  salinity  are  expressed  in  parts 
per  thousand  (°/oo),  and  all  temperature  corrections  are  assumed 
to  be  within  the  experimental  error. 

DISCUSSION 

It  was  of  interest  to  make  a  study  in  natural  waters  using  the  8% 
potassium  chromate  volumetric  method.  Consequently,  the  James  River 
was  chosen  in  order  to  determine  the  point  at  which  the  salinity  changes 
in  relation  to  the  Fall  Line.  The  data  obtained  in  this  study  are  pre¬ 
sented  in  Fig.  2.  The  difference  in  high  and  low  tides  is  close  to  three 
feet  at  the  various  points  of  sample  sites  below  the  Fall  Line.  The  salinity 
is  reported  as  less  than  0.1  °/oo  for  sampling  stations  above  the  Fall 
Line.  In  these  cases,  the  sample  was  titrated  with  silver  nitrate  delivered 
from  a  wax- tipped  buret  containing  a  minute  hole.  It  can  be  seen  in 
Fig.  2  that  salinity  is  plotted  for  the  different  collecting  sites  to  a  point 
about  100  miles  downriver  from  Richmond.  In  the  area  of  Claremont 
Beach,  about  65  miles  below  Richmond,  salinity  begins  to  increase  mark¬ 
edly  as  one  proceeds  toward  the  area  of  Jamestown  and  on  to  Burwell’s 
Bay. 
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A  volumetric  method  using  an  8%  potasium  chromate  indicator  is 
described  for  “quick  salinity”  determination  in  natural  waters.  The  time 
required  for  an  analysis  varies  from  1-3  minutes  while  an  accuracy  of 
3%  or  less  is  maintained  on  duplicate  analysis.  Not  only  does  the  meth¬ 
od  incorporate  speed,  ease  of  manipulation,  simplicity,  but  the  materials 
are  accessible  from  any  supply  house.  All  of  the  equipment  is  easily  trans¬ 
ported  to  a  collection  site  in  a  small  field  kit.  Using  a  kit  like  this, 
salinities  of  various  points  on  the  James  River  above  and  below  the  Fall 
Line  at  Richmond,  Virginia  were  determined. 
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The  insect  collection  housed  in  the  Department  of  Entomology  at 
the  Virginia  Polytechnic  Institute  is  the  largest  publicly  supported  insect 
collection  in  Virginia..  Since  many  biologists  in  Virginia  and  other  states 
might  be  interested  in  knowing  about  this  collection  as  a  source  of  mate¬ 
rial  for  taxonomic  and  distributional  studies,  this  paper  is  intended  to  give 
the  story  of  its  establishment,  its  status  at  present,  and  goals  for  its  future 
development. 


HISTORY 

The  Collection  has  been  in  existence  for  approximately  78  years.  It 
was  started  by  William  B.  Alwood,  first  Botanist  and  Entomologist  of  the 
infant  Virginia  Agricultural  Experiment  Station  in  1888.  From  1891  until 
his  retirement  in  1925,  the  colorful  and  renowned  biologist,  Ellison  A. 
Smyth,  built  up  and  curated  the  Collection,  along  with  his  own  insect 
collection  (now  in  the  U.  S.  National  Museum).  His  many  specimens 
representing  most  orders  are  the  oldest  in  the  Collection,  and  can  be 
considered  its  basis.  The  Collection  also  served  the  Virginia  State  Crop 
Pest  Commission  around  the  turn  of  the  present  Century. 

After  Dr.  Smyth’s  retirement  the  Collection  evidently  underwent 
somewhat  of  an  eclipse  for  many  years,  with  no  insect  taxonomist  active 
in  the  Biology  Department  at  V.P.I.  Almost  all  of  the  early  entomology 
workers  in  Virginia  and  other  specialists  who  did  graduate  studies  at 
V.P.I.  between  1925  and  1959,  when  the  Department  of  Entomology 
was  founded,  contributed  to  the  Collection.  Dr.  W.  J.  Schoene  was  in 
charge  of  the  Collection  until  his  retirement  in  1953. 

The  Virginia  Hemiptera  material  was  completely  worked  up  taxono- 
mically  by  Richard  L.  Hoffman.  He  also  identified  and  organized  in  the 
Collection  from  1950  to  1956,  the  Odonata,  Meeoptera,  Cerambycidae,  and 
Scarabaeidae  material. 


1  Assistant  Professor  of  Biology,  University  of  Louisville,  Kentucky. 

2  Associate  Professor  of  Entomology,  Virginia  Polytechnic  Institute,  Blacksburg,  Virginia- 
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Edgar  M.  Raffensperger,  a  member  of  the  new  Department  of  En¬ 
tomology,  undertook  to  rescue  some  parts  of  the  neglected  Collection  in 
1959.  Under  his  direction  interested  students  and  assistants  began  iden¬ 
tifications  and  curatorial  measures  designed  to  arrange  the  species  in  prop¬ 
er  systematic  sequence.  By  the  summer  of  1960  in  addition  to  the  col¬ 
lections  of  Odonata,  Mecoptera,  and  Hemiptera,  also  the  Coleoptera,  part 
of  the  Lepidoptera,  Diptera,  and  Hymenoptera  were  in  some  semblance 
of  neatness  and  order.  However,  many  specimens  in  these  orders  remain¬ 
ed  undetermined,  and  were  not  included  in  the  main  body  of  the  col¬ 
lection. 

When  Dr.  Raffensperger  resigned  from  V.  P.  I.  in  the  summer  of 
1961,  his  graduate  assistant  at  the  time,  Charles  V.  Covell  Jr.,  informally 
continued  as  curator  of  the  Collection,  identifying  and  adding  wider  repre¬ 
sentation  to  the  Lepidoptera  collection,  and  putting  some  of  the  minor 
orders  in  better  storage  facilities.  In  the  fall  of  1962,  the  junior  author, 
first  formal  taxonomist  on  the  staff  of  the  Entomology  Department,  as¬ 
sumed  duties  as  curator,  with  Covell  assisting  until  his  departure  in 
August,  1964. 

Since  1960,  much  has  been  done  to  identify,  classify,  and  take  the 
necessary  steps  to  improve  various  segments  of  the  Collection.  Some  nota¬ 
ble  recent  contributions  have  been  additions  to  the  Collection  and  taxonomy 
library  by  many  donors  (see  Appendix  1),  completion  of  organization  of 
the  Lepidoptera  collection  (by  C.  V.  Covell,  Jr.),  the  development  of 
an  extensive  Orthoptera  collection  (by  R.  R.  Mills  and  W.  A.  Tarpley); 
the  establishment  of  the  Virginia  Scale  Insect  Collection  (by  M.  Kosztarab 
and  D.  F.  Vest);  organization  of  slide  materials  into  a  single  collection 
of  microscope  slide  specimens  (by  Covell);  institution  of  a  Virginia  Herba¬ 
rium  of  Insect  Damage  by  Kosztarab);  identification  and  arrangement  of 
a  large  collection  of  immature  and  adult  specimens  stored  in  alcohol  as  a 
Liquid  Collection  by  graduate  students  in  systematic  entomology  courses 
under  M.  Kosztarab  and  W.  A.  Tarpley;  and  the  development  of  a  col¬ 
lection  of  spiders  and  other  non-insect  arthropods  by  J.  E.  Carico.3  Im¬ 
provements  on  small  segments  of  the  Collection  have  been  made  by  the 
following  students  taking  directed  study  or  advanced  systematic  entomology 
courses:  C.  W.  Berisford,  Cerambycidae;  P.  J.  Buhan,  Tabandae;  J.  E. 
Carico,  Apoidea;  J.  W.  Clark,  Dytiscidae  and  Gyrinidae;  C.  V.  Covell, 
Jr.,  Trichoptera;  W.  J.  Gladney,  Culicidae;  F.  K.  Hsieh,  Ephemeroptera; 
J.  G.  Humphreys,  Siphonaptera;  D.  Innes,  Odonata;  C.  R.  McGhee,  Neu- 
roptera;  D.  E.  Messersmith,  Odonata;  R.  R.  Mills,  aquatic  Hemiptera;  J. 


s  We  are  not  discussing  here  the  non-insect  arthropod  collection,  housed  in  the  Biology 
Department  and  currated  by  Perry  C.  Holt. 
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K.  Novack,  Odonata;  J.  H.  Roles,  Jr.,  Plecoptera;  G.  M.  Simmons,  Jr., 
Odonata;  R.  N.  Waghray,  Coccinellidae;  N.  Werheim,  Cicadellidae:  J.  A. 
Witter,  Buprestidae;  S.  P.  Young,  Asilidae  and  Formicidae.  Miss  J.  A. 
Wilburn  curated  the  collection  of  the  immature  insects  during  the  sum¬ 
mer  of  1965. 


PRESENT  STATUS 

Of  the  81,000  specimens  in  the  Collection  (Table  I)  the  major  part 
consists  of  pinned  specimens  stored  in  600  glass-topped  Cornell  insect 

TABLE  I 

APPROXIMATE  NUMBERS  OF  SPECIMENS  IN  VARIOUS  INSECT 
ORDERS  IN  THE  V.  P.  I.  INSECT  COLLECTION 


Category  Approximate  Numbers 

1.  Pinned  Odonata  .  900 

2.  Pinned  Orthoptera  .  2,200 

3.  Pinned  Hemiptera  .  1,800 

4.  Pinned  Homoptera  (without  scale  insects)  .  2,400 

5.  Pinned  Neuroptera  .  200 

6.  Pinned  Coleoptera  .  8,300 

7.  Pinned  Trichoptera  .  100 

8.  Pinned  Lepidoptera  .  2,400 

9.  Pinned  Diptera  . 2,800 

10.  Pinned  Hymenoptera  .  4,000 

11.  Pinned  Minor  Orders  .  300 

12.  Hough  Collection  (recently  acquired)  .  5,000 

13.  Liquid  Collection  —  immature  forms  (all  orders)  5,300 

14.  Liquid  Collection  —  adult  forms  (all  orders)  .  4,000 

15.  Microscope  slide  specimens  (without  scale  insects)  4,000 

16.  Scale  insects  on  slides  .  3,000 

17.  Scale  insects  in  cellophane  bags  and  boxes  .  15,000 

18.  Teaching  Collections  .  2,000 

19.  Pinned  Survey  Collection  .  11,200 

20.  Liquid  Survey  Collection  .  6,100 


Total 


81,000  specimens 
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Fig.  1.  A  row  of  inseot  storage  cabinets  in  the  VPI  Collection.  (Photo¬ 
graphs  by  W.  G.  Mitchell.) 


Fig.  2.  Cornell  insect  drawer  with  unit  pinning  trays  for  storing  but¬ 
terflies. 
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drawers  housed  in  15  large  and  4  small  steel  storage  cabinets  (Fig.  1). 
The  insects  are  arranged  in  unit  pinning  trays  in  each  drawer  (Fig.  2), 
and  have  labels  telling  genus  and  species  inside  the  unit  pinning  trays. 
Wooden  spacer  blocks  are  used  to  make  firm  the  rows  of  unit  pinning 
trays,  and  labels  giving  order,  family,  subfamily,  and  tribe  names  are 
attached  to  these  wooden  spacers  and  placed  at  the  head  of  each  appro¬ 
priate  grouping  of  genera  and  species.  Paradichlorobenzene  crystals  are 
kept  in  a  small  unit  pinning  tray  in  each  drawer  to  prevent  infestation 
by  dermestid  beetles  and  other  pests  of  insect  collections. 

The  Liquid  Collection  is  the  portion  of  the  Collection  consisting 


Fig.  3.  Part  of  the  Liquid  Collection:  soft-bodied  insects  are  stored 
in  vials  of  ethyl  alcohol. 
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mostly  of  soft-bodied  insects  (adult  and  immature  forms)  which  are  stored 
in  vials  of  ethyl  alcohol.  Four-dram  glass  vials  with  size  O  neoprene 
stoppers  are  used,  and  these  are  held  in  bored-out  blocks  of  wood  cut 
2"  x  4Vfe"  x  16"  and  shellacked  (Fig.  3).  These  are  also  arranged  in 
systematic  order,  and  are  stored  in  2  steel  cabinets.  The  wooden  blocks, 
although  space-consuming,  are  excellent  for  class  use,  because  they  can 
not  be  turned  over. 

Insects  on  slides,  numbering  about  7,000,  are  stored  in  4  microscope 
slide  cabinets,  and  are  catalogued  for  easy  location.  Two  herbarium  cabi¬ 
nets  house  Riker  mounts  of  insect  life  histories  and  damage,  and  the  Her¬ 
barium  of  Insect  Damage. 

This  system  of  storage  was  begun  in  1959  with  the  purchase  of  a 
number  of  Cornell  insect  drawers  and  the  cabinets  to  house  them;  the 
complete  standardization  of  the  Collection  as  described  above  was  not 
effected  until  1964. 

In  the  past,  certain  workers  have  depended  on  the  Collection  as  a 
source  for  research  study  material.  At  the  present  time  a  few  research¬ 
ers  have  on  loan  material  for  their  studies  on  specific  taxonomic  cate¬ 
gories.  Others  have  kindly  consented  to  identify  species  in  groups  in 
which  they  specialize.  As  the  Collection  grows,  it  will  become  more  and 
more  valuable  as  a  source  of  material  for  study  for  workers  in  Virginia 
and  for  specialists  outside  the  state. 

Although  much  material  has  not  been  placed  in  its  proper  place  in 
the  Collection,  and  additional  collecting  in  Virginia  is  necessary  for  a  rela¬ 
tively  complete  representation  of  the  orders  for  the  state,  the  collection 
is  now  in  a  condition  of  organization  and  maintenance  such  that  it  can 
be  better  offered  as  a  tool  to  interested  researchers. 


PROSPECTUS 

At  this  point  in  its  development,  there  seem  to  be  three  major  goals 
relative  to  the  V.  P.  I.  insect  collection: 

1.  Purpose.  The  collection  is  the  result  of  many  thousands  of  hours 
of  work  by  many  people.  The  purpose  for  having  such  a  collec¬ 
tion  is  to  have  material  available  for  taxonomic  research,  distrib¬ 
utional  studies,  identification  of  insects  undergoing  study  by  research¬ 
ers,  extension  work,  and  teaching.  Thus  the  Collection  is  available 
for  loan  of  material  for  these  purposes,  or  for  study  in  the  Depart¬ 
ment  of  Entomology  in  Price  Hall  on  the  V.  P.  I.  campus.  To  make 
arrangements  for  use  of  the  Collection,  address  correspondence  to 
the  junior  author. 
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2.  Improvements.  In  order  to  keep  the  Collection  growing,  and  make 
it  a  more  effective  research  tool,  improvements  in  the  following  areas 

are  necessary, 

a.  Donations.  As  seen  in  Appendix  I,  a  great  number  of  people 

have  already  given  specimens  and  library  materials  to  the  Col¬ 
lection.  Students  and  amateur  collectors  who  wish  to  make 
their  collections  available  for  public  use,  and  who  are  willing 
to  donate  their  collections  to  die  V.  P.  I.  collection  are  assured 
of  professional  care  of  their  specimens,  as  well  as  the  satisfac¬ 
tion  of  making  a  contribution  to  science.  The  monetary  value 
of  such  donations  is  tax  deductible. 

b.  Exchanges.  There  are  already  exchanges  going  on  with  spe¬ 
cialists  in  other  parts  of  the  country  and  world.  Specimens 
from  long  series  of  a  given  species  in  the  V.  P.  I.  Collection 
are  sent  out  in  exchange  for  species  not  represented  in  the 
Collection.  By  this  means  the  scope  of  representation  is  broad¬ 
ened.  We  would  appreciate  any  information  on  other  collec¬ 
tions,  containing  insect  material  from  Virginia. 

c.  Identifications.  The  identification  of  undetermined  material 
in  the  Collection  by  qualified  specialists  is  hereby  solicited. 

d.  Space.  With  the  anticipated  renovation  of  Price  Hall  a  larger 
and  more  concentrated  arrangement  of  the  Collection  will  be 
possible.  At  this  writing  certain  parts  of  the  Collection  are 
kept  in  two  classrooms  and  in  the  offices  of  various  members 
of  the  Entomology  Department.  The  desired  change  is  to  pro¬ 
vide  an  adequate  range,  with  work  space  close  to  stored  speci¬ 
mens. 

3.  Full-time  Curator.  At  the  present  time  die  junior  author  is  engaged 
in  teaching  entomology  courses,  and  research  on  scale  insects.  Work 
on  the  Collection,  and  the  handling  of  material  and  correspondence, 

must  be  done  when  more  pressing  matters  have  been  attended  to. 
Thus  it  is  necessary  to  aim  tor  employing  of  a  full-time  curator 
for  this,  the  major  publicly-supported  Insect  Collection  in  Virginia. 

SUMMARY 

Through  periods  of  both  rapid  development  and  long  neglect  since 
1888,  the  V.  P.  I.  Insect  Collection  has  developed  to  the  extent  of  con¬ 
taining  about  81,000  specimens  on  pins,  in  alcohol,  on  microscope  slides, 
or  with  displays  of  insect  damage.  The  Collection  is  now  uniformly 
stored,  fairly  well  identified  and  arranged  systematically,  and  is  considered 
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in  condition  to  warrant  use  by  researchers  who  wish  either  to  borrow 
specimens  or  visit  V.  P.  I.  to  work  for  varying  periods  of  time  in  residence. 

An  invitation  is  hereby  made  to  all  interested  scientists  to  both  use 
this  collection,  and  to  join  the  list  of  contributors  to  its  development  by 
donating  specimens  or  library  materials  to  it. 

Through  the  widespread  utilization  of  the  Collection  in  this  manner, 
the  authors  hope  that  public  support  of  the  V.  P.  I.  Insect  Collection  will 
be  continued  and  expanded  to  provide  better  space  facilities  and  a  full¬ 
time  curator  in  the  near  future. 


Appendix  I 

LIST  OF  MAJOR  DONORS  TO  THE  V.  P.  I.  INSECT  COLLECTION 
AND  ENTOMOLOGY  LIBRARY 

(Only  fragmentary  information  is  available  on  donations  before  1960) 

Amos ,  J.  M.,  Blacksburg,  Va.:  several  dozen  boxes  of  dry  scale  insect 
material  from  his  personal  collection  from  the  United  States,  espe¬ 
cially  Indiana;  miscellaneous  insects  encountered  through  his  work  in 
extension  entomology  in  Virginia. 

Bell,  R.  T.,  Burlington,  Vt.:  series  of  identified  Coleoptera. 

Bishop ,  /.  L.,  Blacksburg,  Va.:  some  volumes  of  entomological  journals, 
and  a  number  of  miscellaneous  insects. 

Bobh,  M.  L.,  Charlottesville,  Va.:  a  series  of  aquatic  and  semi-aquatic 
Hemiptera  from  Virginia;  also  large  number  of  forest  pests  and  other 
miscellaneous  insects. 

Brinkman,  Mrs.  D.  G.,  Colfax,  Wis.:  26  South  African  Lepidoptera. 

Coveil,  C.  V.  Jr.,  Louisville,  Ky.:  687  identified  Lepidoptera;  some  dozens 
of  Trichoptera;  and  a  large  number  of  miscellaneous  insects. 

Dean  Mrs.  A.  L.,  Blacksburg,  Va.:  insect  collecting,  mounting,  and  rear¬ 
ing  equipment  of  her  late  husband. 

Goodwin,  W.  J.,  Kensington  Md.:  many  microscope  slide  specimens,  and 
pinned  insects  of  medical  importance;  reprints  in  medical  entomology. 

Grayson,  J.  M.,  Blacksburg,  Va.:  a  number  of  miscellaneous  insects;  sev¬ 
eral  reprints  and  books. 

Hetrick,  L.  A.,  Gainsville,  Fla.:  some  sawflies  and  their  parasites,  large 
series  of  Coleoptera,  Lepidoptera,  and  other  insects. 
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Hoffman,  R.  L.,  Radford,  Va.:  some  myriapods,  Hemiptera,  Hymenop- 
tera,  Coleoptera  and  many  other  miscellaneous  insects. 

Hough  W.  S.,  Winchester,  Va.:  4,500  mounted  insects  in  86  boxes,  col¬ 
lected  from  California,  Missouri,  Ohio,  and  Virginia;  27  vials  of  Vir¬ 
ginia  scale  insects;  300  slides  of  mounted  specimens  mostly  coccids; 
a  number  of  reared  and  identified  leaf  miner  parasites,  and  fruit  pests; 
64  publications,  including  8  books  on  scale  insects.  This  is  the  larg¬ 
est  donation  ever  made  to  our  insect  collection  and  library. 

Humphreys,  J.  G.,  Blacksburg,  Va.:  a  number  of  identified  Siphonaptera 
on  slides. 

Humphries,  H.  P.,  Clifton  Forge,  Va.:  one  Cornell  drawer  of  Lepidop- 
tera,  Hemiptera,  Coleoptera  and  Odonata  from  Ceylon. 

King,  E.  W.,  Clemson  S.  C.:  many  Coleoptera  specimens. 

Kosztarab  M.,  Blacksburg,  Va.:  a  collection  of  382  microscope  slide  speci¬ 
mens,  and  306  cellophane  bags  of  scale  insects  collected  in  differ¬ 
ent  parts  of  the  USA;  a  number  of  identified  miscellaneous  insects; 
a  few  reprints  and  books. 

Kulman,  H.  M.,  Blacksburg,  Va.:  a  large  series  of  identified  miscel¬ 

laneous  forest  pest  insects  and  their  parasites;  several  reprints  in 
taxonomy. 

McClay,  A.  T.,  Davis,  Calif.:  two  Schmitt  boxes  of  miscellaneous  insects 
from  Western  United  States. 

Messersmith,  D.  H.,  College  Park  Md.:  series  of  leafhoppers,  thousands 
of  Culicoides  and  a  large  liquid  collection  of  miscellaneous  insects 
from  S.  W.  Virginia. 

Mills,  R.  R.,  New  Orleans,  La.:  many  series  of  identified  Orthoptera 
from  Virginia;  a  number  of  miscellaneous  insects. 

Morrison,  Mrs.  E.  R.,  Washington,  D.  C.:  many  reprints  in  insect  taxon¬ 
omy,  and  the  four  volumes  of  the  Proceedings  of  the  Tenth  Inter¬ 
national  Congress  of  Entomology. 

Neff,  S.  E.,  Blacksburg,  Va.:  a  series  of  Braulidae,  Diptera,  and  other 
miscellaneous  insects. 

Pienkowski,  R.  L.,  Blacksburg,  Va.:  many  miscellanous  insects,  especially 
from  Virginia;  several  reprints  in  insect  taxonomy. 

Roth,  V.  D.,  Portal,  Ariz.:  several  insects  from  the  S.  W.  United  States; 
a  number  of  duplicate  reprints  in  insect  taxonomy. 

Russell,  L.  M.,  Washington,  D.  C.:  a  number  of  reprints  insect  taxonomy. 
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Shell,  R.  E.,  Roanoke,  Va.:  tropical  butterflies  and  other  insects. 

Smyth,  E.  A.,  Blacksburg,  Va.:  several  thousand  specimens  of  Virginia 
insects;  basis  of  the  collection. 

Straley,  G.  B.,  Eggleston,  Va.:  some  mounted  and  identified  Lepidoptera 
from  Virginia. 

Turner,  E.  C.,  Jr.,  Blacksburg,  Va.:  series  of  miscellaneous  insects,  espe¬ 
cially  Diptera,  from  Virginia;  several  reprints  in  taxonomy. 

Tarpley,  W.  A.,  Johnson  City,  Tenn.:  many  Orthoptera,  Coleoptera  and 
other  identified  insects  from  his  personal  collection;  a  number  of 
miscellaneous  insects  collected  on  insect  survey  trips  in  Virginia. 

United  States  National  Museum,  Washington,  D.  C.:  a  few  Neuroptera, 
Embioptera,  and  Zoraptera,  one  Lepidoptera  and  one  Strepsiptera  on 
an  exchange  basis  through  the  courtesy  of  Drs.  O.  S.  Flint,  R.  H. 
Foote,  A.  B.  Gurney,  and  E.  L.  Todd. 

Virginia  Department  of  Agriculture  and  Immigration,  Division  of  Regula¬ 
tory  Services,  Richmond,  Va.:  miscellaneous  insects,  especially  coc- 
cids,  sent  for  identification  by  the  staff  members  with  the  permission 
to  retain  specimens. 

Werheim,  N.  L.,  Blacksburg,  Va.:  additions  to  the  leafhopper  collec¬ 
tion. 

Woodside,  A.  M.,  Steeles  Tavern,  Va.:  large  series  of  miscellaneous  in¬ 
sects;  a  collection  of  dry  scale  insect  material;  a  number  of  insects 
from  Mexico. 

OTHER  CONTRIBUTORS  OF  MISCELLANEOUS  INSECTS  AND 
OTHER  ARTHROPODS: 

C.  W.  Berisford,  G.  M.  Boush,  M.  A.  Brusven,  L.  R.  Cagle,  J.  E.  Carico, 
S.  D.  Carlson,  D.  G.  Cochran,  G.  W.  Dekle,  C.  B.  Dominick,  R.  R.  Ger- 
hardt,  D.  M.  Harman,  C.  H.  Hill,  O.  W.  Isakson,  A.  P.  Morris,  J.  L.  Phil¬ 
lips,  E.  M.  Raffensperger,  M.  H.  Ross,  J.  O.  Rowell,  W.  J.  Schoene,  J.  C. 
Smith,  L.  A.  Stearns,  G.  W.  Underhill,  D.  F.  Vest,  J.  A.  Wilburn,  and 

R.  F.  Wilkey. 

Many  other  persons,  too  numerous  to  mention  here,  have  brought 
insects  to  us  for  identification,  and  have  given  us  permission  to  retain  the 
specimens.  There  were  early  contributors  who  did  not  state  the  name 
of  the  collector  on  the  insect  labels;  therefore,  we  are  unable  to  give  them 
proper  credit  here. 
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SYMPOSIUM  ON  MOLECULAR  BIOLOGY 

Virginia  Academy  of  Science 
May  7,  1966 

On  May  7,  1966,  in  conjunction  with  the  44th  annual  meeting  of 
the  Virginia  Academy  of  Science,  the  Medical  Sciences  Section  sponsored 
a  Symposium  on  Molecular  Biology.  Four  outstanding  speakers  summariz¬ 
ed  the  “state  of  the  art”  in  their  respective  areas  of  interest  and  described 
some  of  their  relevant  current  investigative  approaches.  The  interpreta¬ 
tions  and  lucid  expositions,  generally  in  terms  comprehensible  to  the  non¬ 
specialist,  were  provocative  and  stimulating  to  those  with  an  interest  in 
the  rapidly  receding  horizons  of  molecular  biology.  The  Virginia  journal 
of  Science  takes  pleasure  in  publishing  these  presentations  by  three  of  the 
speakers. 

One  concept  which  has  held  the  attention  of  Doctors  Steiner,  Epstein, 
and  Ridgeway,  and  which  they  elaborated  upon  in  this  Symposium,  is 
the  phenomenon  of  attainment  of  three-dimensional  structure  and  conforma¬ 
tion  subsequent  to  translation  of  information,  in  terms  of  nucleotide  base 
sequence,  into  amino  acid  sequence  of  proteins.  While  this  process  appar¬ 
ently  involves  folding  into  structures  which  minimize  their  free  energy, 
the  formation  of  this  Symposium  involved  no  such  similar  spontaneous 
event,  but  rather  required  transcendence  of  a  considerable  activation 
barrier.  The  catalytic  agent  essential  to  the  successful  transformation 
was  personified  in  Edward  R.  Berry,  Secretary  of  the  Medical  Sciences 
Section  of  the  Academy.  Through  his  efforts  the  Symposium  was  brought 
to  fruition  and  to  him  as  to  the  speakers,  go  our  tribute  and  our  gratitude 
for  an  enriching  experience. 

Edwin  S.  Higgins 

Editor ,  Medical  Science  Section 
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CURRENT  IDEAS  AS  TO  THE  STABILIZATION  OF 
PROTEIN  STRUCTURE 

R.  F.  Steiner 

Laboratory  of  Physical  Biochemistry ,  Naval  Medical  Research  Institute 

Bethesda,  Maryland 

Ever  since  it  came  to  be  generally  recognized  that  natural  proteins 
h,ave  highly  organized  three-dimensionalr  stuctures,  which  are  quite  as 
specific  and  characteristic  of  the  protein  as  their  amino  acid  sequences, 
the  search  for  the  basic  principles  governing  their  molecular  architecture 
has  claimed  the  attention  of  protein  chemists.  The  problem  is  by  no  means 
entirely  solved,  although  the  growing  availability  of  definitive  structural 
information  is  beginning  to  provide  a  framework  of  fact,  with  which  the 
existing  theories  must  be  reconciled. 

Among  the  generalizations  which  have  emerged  are  the  following: 

(1)  The  complete  molecular  organization  of  a  protein  is  essentially 
dictated  by  its  amino  acid  sequence  (1,2,3).  That  is,  among  the  large 
number  of  possible  configurations  which  a  particular  polypeptide  chain 
can  asume,  a  single  configuration,  which  corresopnds  to  the  native  state, 
is  overwhelmingly  favored  thermodynamically.  The  evidence  for  this  con¬ 
clusion  is  derived  from  the  observation  that  many  proteins,  after  having 
been  converted  to  a  structureless  state  by  reductive  scission  of  disulfide 
bonds  in  a  strongly  denaturing  medium,  can  spontaneously  reassume  their 
native  structures  following  the  removal  of  denaturant  and  the  reformation 
of  cystine  bridges  by  oxidation  (2). 

(2)  The  native  structures  of  most  proteins  are  relatively  compact 
and  rigid.  With  one  or  two  possible  exceptions,  the  existing  fluorescence 
polarization  studies  have  failed  to  provide  evidence  for  any  important 
degree  of  internal  freedom  of  rotation  (4)  while  the  available  hydrodynamic 
data  are  definitely  counter  to  the  presence  of  extensive  internal  space 
which  is  accesible  to  solvent. 

(3)  The  existing  X-ray  diffraction  studies  show  that,  in  general, 
non-polar  residues  tend  to  be  buried  in  the  interior  of  the  molecule,  where 
they  are  shielded  from  contact  with  solvent  (5,  6). 

(4)  A  comparison  of  a  series  of  hemoglobins  and  myoglobins  of 
different  species  has  shown  that  extensive  amino  acid  substitutions  are 
consistent  with  an  essentially  invariant  conformation.  Sequence  data 
have  shown  that  only  9  out  of  more  than  140  sites  are  occupied  by  the 
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same  amino  acid  residue  in  all  the  globin  chains  thus  far  analyzed, 
although  the  configuration  is  essentially  the  same  in  all  cases  (6).  At 
most  sites  on  the  surface  or  in  surface  crevices,  many  kinds  of  substitu¬ 
tion  can  occur  without  altering  the  tertiary  structure,  including  in  some 
oases  the  replacement  of  a  polar  by  a  non-polar  residue.  However,  the 
substitution  of  an  interior  non-polar  residue  by  a  polar  group,  which 
would  incur  a  severe  energetic  penalty,  has  not  been  observed. 

(5)  Recent  theoretical  advances  have  tended  to  stress  the  importance 
of  hydrophobic  bonds  involving  non-polar  residues  in  contributing  to  the 
structural  stabilization  of  globular  proteins  (7).  The  origin  of  these  cohe¬ 
sive  forces  has  been  shown  to  stem,  not  from  any  very  potent  mutual 
attraction  of  hydrocarbon  groups,  but  rather  from  the  tendency  to  minimize 
the  energetically  unfavorable  contacts  between  hydrocarbon  groups  and 
aqueous  solvent.  While  hydrophobic  bonds  are  probably  the  dominant 
stabilizing  factor  in  most  cases,  hydrogen  bonds  may  also  have  a  significant 
role. 

An  alternative  approach  to  assessing  the  importance  of  particular  resi¬ 
dues  in  stabilizing  the  tertiary  structure  of  a  protein  is  to  examine  the 
effects  of  selective  chemical  modification  upon  its  properties.  This  ap¬ 
proach  appears  intrinsically  more  systematic  than  that  based  upon  a  com¬ 
parison  of  species  variations. 

The  protein  selected  was  soy  bean  trypsin  inhibitor  (8).  This  is  the 
classical  inhibitor  which  was  first  purified  and  studied  by  Kunitz  (9).  It 
combines  stoichiometrically  with  trypsin  in  a  1:1  mole  ratio  (10).  Las- 
kowski  has  recently  presented  evidence  that  the  interaction  is  accompa¬ 
nied  by  the  scission  of  a  liable  peptide  bond  involving  arginine,  followed 
probably  by  the  formation  of  some  form  of  labile  acyl  bond  between 
enzyme  and  inhibitor  (11). 

Soy  bean  trypsin  inhibitor  (STI)  consists  of  a  single  polypeptide 
chain,  of  molecular  weight  21,500,  which  is  cross-linked  by  two  disulfide 
bridges  (12).  The  a-helieal  content,  as  estimated  from  measurements 
of  the  optical  rotatory  dispersion,  is  very  low,  probably  accounting  for 
not  more  than  10%  of  the  polypeptide.  The  organized  structure  of  STI 
is  thus  largely  tertiary  in  character. 

STI  can  be  converted  to  an  essentially  structureless  random  coil  by 
exposure  to  elevated  temperatures  in  9  M  urea,  as  judged  from  measure¬ 
ments  of  optical  rotation,  viscosity,  and  fluorescence  polarization  (13). 
Removal  of  the  urea  results  in  the  spontaneous  recovery  of  native  prop¬ 
erties,  including  the  ability  to  inhibit  trypsin. 

The  procedure  for  the  assessment  of  the  essential  character 
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of  a  particular  type  of  residue  was  to  modify  it  chemically,  convert  the 
altered  protein  to  an  unfolded  state  by  a  thermal  cycle  in  9  M  urea,  and 
induce  refolding  by  removal  of  urea  (Table  1).  The  recovery  of  inhibi¬ 
tory  power  was  used  as  a  measure  of  the  extent  of  reformation  of  the 
native  structure. 


Table  1 

Conditions  for  Denaturation  and  Renaturation  of  STI 


Denaturation:  10  M  urea  0.1  M  phosphate,  pH  7.5,  20  minutes  at  56° 
Renaturation:  100-fold  dilution  with  buffer 


STI  contains  about  11  lysine  groups  (12).  These  were  modified 
by  conversion  to  homoarginine  through  treatment  with  excess  methyle  iso¬ 
urea  (14).  Conversion  to  an  extent  of  about  93  °/o  resulted  in  unchanged 
inhibitory  power,  most  of  which  survived  a  denaturation-renaturation 
cycle  (Table  2) .  Because  of  the  charged  and  polar  character  of  the  lysines 
they  are,  a  priori,  likely  to  lie  on  the  periphery  of  the  molecular  domain 
and  to  be  accessible  to  solvent.  In  view  of  the  high  activity  and  capacity 
for  renaturation  of  guanidinated  STI,  there  is  a  definite  implication  that 
the  lysine  groups  are  non-essential. 

Table  2 

Inhibitory  Activity  of  Guanidinated  STI 


Fraction  lysine  %  Inhibitory 

groups  reacted  Treatment  activity 


93%  -  100 

denaturation  in  9  M  61 

urea,  0.1  M  phosphate, 

pH  7.5  (20  min.  at 

57°),  followed  by 

renaturation 


STI  contains  three  tryptophan  groups  (8).  These  are  usually  re¬ 
garded  as  nan-polar  and  tend  to  be  shielded  from  solvent  (5,  6).  How¬ 
ever,  application  of  the  neutral  solvent  perturbation  technique  of  Laskowsld 
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and  Herskovits  (15),  using  reduced,  carboxymethylated  STI  in  7  M 
urea  as  the  reference  material  with  presumably  completely  exposed  trypto¬ 
phans,  indicates  that  the  degree  of  exposure  is  about  two-thirds  (8).  This 
is  formally  consistent  with  two  of  the  three  tryptophans  being  exposed, 
while  the  third  is  buried,  although  it  is  difficult  in  practice  to  rule  out 
partial  degrees  of  exposure. 

The  tryptophan  residues  of  proteins  can  be  modified  selectively  by 
reaction  with  N-bromosuccinimide  (16).  Under  the  usual  conditions  the 
indole  group  is  converted  to  oxindole,  which  has  considerably  more  polar 
character.  The  extent  of  reaction  can  be  monitored  spectrophotometri- 
oally  (16). 

One  of  the  three  tryptophans  of  native  STI  is  oxidized  by  N-bromo¬ 
succinimide  at  pH  5  (Table  3).  Thus,  although  at  least  two  tryptophans 
are  partially  or  completely  exposed  to  solvent,  only  one  of  these  reacts 
with  N-bromosuccinimide.  Some  explanation  other  than  steric  inacces¬ 
sibility  must  be  sought  for  the  inertness  of  the  other  exposed  residue. 


Table  3 


Titration  of  Tryptophan  Groups  of  STI  with  N-Bromosuccinimide 


pH 

Solvent 

Treatment 

No.  tryptophan 
groups  oxidized 

Per  cent 
inhibitory 
activity 

7.5 

0.1  M  P04 

none 

0.65 

98 

urea  —  denatured;* 
then  renatured 

83 

5.1 

0.1  M  OAc 

none 

1.04 

70 

urea  —  denatured;* 
the  renatured 

41 

5.0 

0.1  M  OAc 

none 

1.16 

82 

5.0 

0.1  M  OAc 

none 

1.38 

77 

urea  —  denatured;* 
then  renatured 

51 

*9  M  urea,  0.1  M  P04,  20  minutes  at  57° 
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When  STI  is  extensively  denatured  by  thermal  treatment  in  10  M  urea 
(20  minutes  at  50°)  all  three  tryptophans  can  be  oxidized  by  treatment 
with  N-bromosuccinimide.  Removal  of  urea  does  not  result  in  any  im¬ 
portant  recovery  of  activity,  indicating  that  refolding  to  form  a  native  mole¬ 
cule  does  not  occur. 

The  above  observations  can  be  accommodated  by  a  model  which 
places  one  of  the  tryptophans  in  the  interior  and  the  other  two  on  the 
surface.  One  of  the  two  exposed  residues  is  non-essential  for  activity 
or  for  correct  folding. 

An  alternative  technique  fo  rtryptophan  modification  is  by  oxidation 
with  hydrogen  peroxide  in  the  presence  of  dioxane  (17).  Two  of  the 
three  tryptophans  react  smoothly,  with  a  total  loss  of  activity.  There  is 
a  definite  implication  that  one  of  the  exposed  tryptophans  is  necessary 
for  inhibitory  activity,  perhaps  through  involvement  in  the  active  center. 

STI  contains  four  tyrosine  groups  which,  together  with  tryptophan, 
account  for  almost  all  the  ultraviolet  absorption  spectrum.  It  is  difficult 
to  obtain  a  quantitative  estimate  of  tyrosine  exposure  by  the  neutral 
solvent  perturbation  technique,  because  of  the  extensive  overlap  of  the 
tyrosine  and  tryptophan  bands.  An  approximate  determination  on  this 
basis  suggests  that  2-3  tyrosines  are  exposed  (8). 

The  tyrosines  of  STI  can  be  selectively  modified  by  conversion  to 


Table  4 


Iodination  of  the  Tyrosine  Groups  of  STI 


Moles 

Per  cent 

pH 

Solvent 

T 

Treatment 

diiodotyrosine 
per  mole  STI 

inhibitory 

activity 

8.1 

0.2  M  tris 

3° 

none 

1.7 

84 

urea  —  denatured; 

then  renatured 

77 

8.1 

10  M  urea, 

25° 

20  min.  at  57° 

3.7 

0 

0.2  M  tris 

prior  to  iodination 

8.1 

0.2  M  tris 

7° 

none 

1.9 

81 

urea  —  denatured; 

58 

then  renatured 
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diiodotyrosine  through  reaction  with  iodine.  The  acid  character  of  the 
phenolic  hydroxyl  is  greatly  increased,  the  pK  shifting  to  about  7.  The 
reaction  can  be  followed  spectrophotometrically  (8).  Two  of  the  four 
tyrosines  react  in  water  at  neutral  pH,  with  minimal  loss  in  activity  (Table 
4).  Most  of  the  remaining  activity  remains  after  a  denaturation-renatura- 
tion  cycle,  with  the  implication  that  the  two  reactive  groups  are  unneces¬ 
sary  for  activity  or  correct  folding  (Table  4).  If  STI  is  denatured  as 
described  above,  all  four  tyrosines  react,  with  no  recovery  of  activity  upon 
removal  of  denaturant.  Thus  the  two  resistant  tyrosines  appear  to  be 
necessary  for  the  reformation  of  the  native  structure  and  the  recovery  of 
activity. 

These  observations  are,  in  general,  consistent  with  the  conclusions 
which  have  been  reached  from  comparative  studies  on  hemoglobins  and 
myoglobins  of  different  species.  Residues  which  he  on  the  surface  and 
are  accessible  to  solvent  tend  to  be  relatively  non-critioal,  unless  directly 
involved  in  the  active  site.  Chemical  modification  of  residues  of  this 
class  often  does  not  preclude  formation  of  a  structure  approximating  the 
native,  with  retention  of  biological  activity.  In  contrast,  groups  which 
become  available  for  reaction  only  under  strongly  denaturing  conditions, 
presumably  as  a  consequence  of  being  buried  in  the  interior,  can  usually 
not  be  modified  without  a  loss  of  activity. 
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AMINO  ACID  SEQUENCES,  THREE-DIMENSIONAL 
STRUCTURE,  AND  THE  EVOLUTION  OF 
PROTEINS 

Charles  J.  Epstein 

Laboratory  of  Chemical  Biology,  National  Institute  of  Arthritis  and 
Metabolic  Diseases,  National  Institutes  of  Health,  Bethesda,  Maryland 

With  the  development  of  the  Watson-Crick  model  for  the  structure 
of  DNA  and  of  the  adaptor  hypothesis  to  explain  the  translation  of 
nucleotide  basic  sequences  into  amino  acid  sequences,  the  question  of 
what  determines  the  three-dimensional  configuration  of  a  protein  was 
brought  sharply  into  focus.  The  problem  was  to  explain  the  way  in  which 
a  structure  that  was  essentially  linear  at  the  time  of  its  synthesis  was  con¬ 
verted  into  a  highly  complex  folded  molecule.  Although  the  possibilities 
of  specific  mechanisms  for  the  “folding”  of  protein  molecules  were  enter¬ 
tained  by  some,  it  was  more  generally  assumed  that  the  determinants  for 
three-dimensional  structures  were  inherent  in  the  amino-acid  sequences 
of  proteins.  This  hypothesis  was  formulated  in  thermodynamic  terms  and 
held  that  polypeptide  chains  would  fold  into  the  three-dimensional  struc¬ 
tures  that  minimized  their  free  energy  in  a  particular  environment.  In 
other  words,  the  “native”  conformation  of  a  protein,  in  a  given  set  of 
circumstances  (temperature,  solvent  composition,  presence  of  other  mole¬ 
cules,  etc.),  would  be  the  one  which  was  thermodynomically  the  most 
stable.  Implicit:  in  the  hypothesis  was  the  assumption  that  there  would 
be  one,  or  at  most  only  a  very  few,  conformations  that  would  be  likely 
to  occur. 

The  experimental  verification  of  this  “thermodynamic”  hypothesis 
was  initiated  by  Anfinsen  and  his  collaborators  and  has  subsequently  been 
expanded  by  others.  “Native”  proteins  were  “unfolded”  or  denatured  into 
configurations  which  could  be  considered  as  random  and  devoid  of  any 
specific  intramolecular  interactions.  This  unfolding  was  accomplished  by 
the  use  of  a  strong  denaturing  agent  such  as  urea  (8-10  M)  or  guanidine 
HC1  (5-6  M).  In  the  case  of  proteins  containing  covalent  intramolecular 
disulfide  bonds,  a  reducing  agent  such  as  /?-mercaptoethanol  was  added 
to  break  these  linkages.  The  resulting  “unfolded”  proteins  were  consid¬ 
ered  as  formally  analogous  to  newly  synthesized  polvpeptide  chains.  If 
such  chains  are  capable  of  folding  properly  in  vivo,  they  should  be  able 
to  do  so  in  vitro.  The  denaturing  and  reducing  agents  were  therefore 
removed,  and  the  restitution  of  native  structure  and  enzymic  activity 
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were  followed.  In  the  case  of.  the  most  carefully  studied  protein,  bovine 
pancreatic  ribonuclease,  there  was  complete  recovery  of  enzyme  activity, 
and  the  reconstituted  product  was  physically  and  chemically  indistinguish¬ 
able  from  the  original  native  protein.  Similar  results  were  obtained  with 
many  other  disulfide-bond  containing  proteins,  including  egg  white  lyso¬ 
zyme,  taka-amylase  A,  pepsinogen,  and  soy  bean  trypsin  inhibitor.  Fur¬ 
thermore,  it  has  been  possible  to  reversibly  unfold  proteins  which  are 
devoid  of  disulfide  bonds  and  those  which  are  multimeric  —  i.e.,  com¬ 
posed  of  two  or  more  non-covalently  linked  subunits.  An  example  of 
the  later  is  lactate  dehydrogenase,  an  enzyme  with  four  subunits  which 
may  be  either  identical  or  of  two  different  kinds  in  various  proportions. 
Thus,  the  thermodynamic  hypothesis  may  be  considered  as  applying  not 
only  to  the  tertiary  (three-dimensional)  structures  of  proteins,  but  also 
to  the  quarternary,  or  multimeric,  structure.  While  there  are  many  tech¬ 
nical  problems  involved  in  carrying  out  the  experiments  just  discussed, 
there  does  not,  as  yet,  appear  to  be  any  evidence  against  the  conclusion 
that  proteins  composed  of  single  polypeptide  chains,  or  of  polypeptide 
chains  held  together  in  multimeric  units  by  non-covalent  interactions, 
are  capable  of  folding  spontaneously  into  the  proper  configurations.  The 
situation  is  still  uncertain  with  regard  to  proteins,  such  as  insulin,  which 
are  composed  of  more  than  one  polypeptide  chain  linked  together  by 
disulfide  bonds. 

If  it  is  assumed  that  the  amino  acid  sequence  of  a  protein  does 
govern  its  final  folded  configuration,  the  question  of  what  there  is  about 
the  sequence  that  affects  this  configuration  can  be  asked.  Three  general 
properties  of  amino  acid  sequences  may  be  considered.  One  involves 
the  effect  of  bond  angle  restrictions  on  the  positions  that  the  polypeptide 
chain  may  assume  in  space.  Although  rotations  of  groups  of  atoms  can 
take  place  at  interatomic  bonds,  not  all  positions  are  equivalent  and  many 
are  highly  unlikely.  In  general,  the  atoms  on  either  side  of  a  carbon- 
carbon  bond  may  have  three  roughly  equivalent  orientations  relative  to 
one  another.  The  number  of  possible  orientations  is  even  more  severely 
restricted  by  the  steric  properties  of  the  amino  aoid  side  chains  them¬ 
selves:  two  atoms  cannot  occupy  the  same  space  at  the  same  time.  How¬ 
ever,  even  with  these  steric  and  bond  angle  restrictions,  the  number  of 
configurations  possible  for  a  given  polypeptide  chain  is  still  very  great. 
The  factors  which  finally  determine  the  conformation  appear  to  be  the 
non-covalent  interactions  among  the  amino  acid  side  chains,  the  poly¬ 
peptide  ‘‘backbone,”  and  the  solvent.  The  general  outcome  of  such  inter¬ 
actions  is  that  the  hydrophobic  or  non-polar  side  chains  (such  as  valine, 
leucine,  phenylalanine,  etc.)  tend  to  concentrate  in  the  “interior”  of  the 
protein  molecule  while  the  hydrophobic  or  polar  residues  (acidic  and  basic 
amino  acids,  serine,  threonine,  etc.)  are  found  in  the  “outside”  of  the 
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molecule.  Experimental  evidence  for  such  localization  of  side  chains 
has  been  provided  by  studies  on  modified  proteins  and  by  the  direct 
examination,  by  the  groups  of  Kendrew,  Perutz,  and  Phillips,  of  the  three- 
dimensional  structures  of  the  crystalline  proteins,  myoglobin,  hemoglobin, 
and  egg  white  lysozyme. 

On  the  basis  of  these  considerations,  it  appears  quite  likely  that 
the  distribution,  in  terms  of  their  side  chain  polarity,  of  amino  acids 
along  the  polypeptide  chain  is  of  primary  importance  in  governing  the 
final  three-dimensional  configuration  of  the  protein.  In  many  situations, 
the  precise  nature  of  the  side  chain  itself  is  not  important,  since  experi¬ 
mental  modification  of  certain  residues,  especially  the  hydrophilic  ones 
located  on  the  exterior  of  the  molecule,  does  not  interfere  with  proper 
refolding  after  experimental  denaturation.  Furthermore,  detailed  com¬ 
parisons  of  the  sequences  of  various  hemoglobins  by  Perutz  and  his  group 
have  indicated  that  naturally  occurring  substitutions  of  one  hydrophilic 
amino  acid  for  another,  and,  in  some  cases,  of  one  hydrophobic  amino 
acid  for  another,  do  not  significantly  affect  the  three-dimensional  struc¬ 
tures  of  the  proteins. 

With  these  considerations  in  mind,  it  is  possible  to  consider  some  of 
the  forces  which  have  been  at  work  during  the  “evolution”  of  proteins. 
If  we  restrict  ourselves  to  proteins  the  sequences  of  which  are  known,  two 
major  and  not  mutually  exclusive  processes  may  be  obsereved.  The 
first  is  the  gradual  alteration  of  the  amino  acid  sequence  by  the  sub¬ 
stitution  of  one  amino  acid  for  another.  For  example,  Margoliash,  Smith, 
and  their  collaborators  have  analyzed  the  sequences  of  cytochromes  c  in 
species  as  diverse  as  yeast  and  man.  Although  these  sequences  differ 
markedly  in  some  areas,  there  are  clear  areas  of  homology  or  identity 
which  encompass  about  half  of  the  length  of  the  protein.  The  second 
important  process  at  work  in  protein  evolution  is  the  duplication  of  whole 
genes.  By  this  mechanism,  it  is  possible  to  retain  a  given  protein  while 
at  the  same  time  using  a  duplicate  of  its  gene  as  the  foundation  on  which 
to  develop  some  new  protein,  again  by  sequential  and  amino  acid  sub¬ 
stitutions.  Two  clear  examples  of  the  gene  duplication  process  are  pro¬ 
vided  by  the  group  of  DFP-inhibitable  proteolytic  and  esterolytic  enzymes, 
notably  trvpsinogen  and  chvmotrypsinogen,  and  by  the  large  group  of 
globins,  including  mvoglobin  and  the  a,  /3,  y,  8,  and  e  chains  of  hemo¬ 
globin.  In  the  latter  series,  the  amino  acid  sequences  of  the  various 
chains,  although  clearly  homologous,  may  differ  in  many  areas  even  though 
the  X-ray  crystallographic  evidence  indicates  that  the  three-dimensional 
structures  of  the  proteins  are  very  similar.  With  regard  to  both  the  sim¬ 
ply  mutated  and  the  duplicated  gene  systems  the  question  may  be  asked: 
how  can  the  proteins  maintain  their  enzymic  activities  and  specificities 
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and/or  their  three-dimensional  configurations  in  the  face  of  such  large 
difefrences  in  amino  acid  sequence? 

One  explanation  appears  to  be  that  even  though  wide-spread  changes 
in  sequence  have  occurred,  the  polarity  distribution  of  the  amino  acid 
residues  has  been  little  altered.  For  example,  if  the  a  and  ft  or  the 
ft  and  y  chains  of  human  hemoglobin  are  compared,  only  about  10% 
of  the  amino  acid  substitutions  violate  this  hypothesis  of  the  preservation 
of  polarity;  for  certain  cytochrome  c  comparisons,  the  figure  may  reach  as 
high  as  25%.  Furthermore,  as  has  already  been  pointed  out,  the  pre¬ 
servation  of  the  hydorphobic  nature  of  the  interior  residues  in  the  vari¬ 
ous  globins  is  quite  inviolate,  and  whatever  ‘‘improper”  substitutions 
(polar  < — >  nonpolar)  are  observed  appear  to  be  on  the  outside  of  the 
molecule.  Given  these  observations,  further  questions  may  be  asked: 
how  are  the  polarity  relationships  in  the  amino  acid  sequence  preserved? 
Is  there  something,  inherent  in  the  mutational  process  itself,  or  has  natural 
selection  been  operating  to  preserve  (or  at  least  not  eliminate)  those  muta¬ 
tions  which  do  not  affect  polarity  while  eliminating  those  that  do?  In 
order  to  approach  these  questions,  it  is  necessary  to  consider  the  “amino- 
acid  code,”  the  sequences  of  nucleotide  bases  which  govern  which  amino 
acids  are  inserted  into  a  protein.  The  work  of  Nirenberg  and  his  group 
has  elucidated  the  nature  of  the  “code-words,”  and  by  analyzing  the  inter¬ 
relationships  among  them,  it  is  possible  to  infer  some  of  the  possible 
effects  of  mutations.  In  general,  it  appears  that  one-step  mutations  will 
result  in  amino  acid  substitutions  which  reverse  side-chain  polarity  (i.e., 
hydrophilic  to  hydrophobic,  or  vice  versa)  only  about  one-quarter  of  the 
time;  for  two-step  mutations,  the  proportion  is  closer  to  one-third.  There¬ 
fore,  it  appears  that  the  “code”  itself  exerts  a  rather  profound  conserva¬ 
tive  force  in  preserving  polarity  relationships,  and  with  the  limited  data 
at  hand,  it  is  difficult  to  show  any  additional  effects  of  natural  selection. 
However,  the  fact  that  the  ‘‘interiors”  of  molecules  remain  consistently 
hydrophobic  does  indicate  that  “improper”  mutations  involving  these 
residues  have  probably  been  eliminated. 

Work  is  now  in  progress  in  a  few  laboratories  to  study  the  effects 
of  amino  acid  replacements  on  the  three-dimensional  configurations  of 
proteins  synthesized  in  vitro.  Furthermore,  attempts  are  being  made  to 
deduce  such  configurations  from  known  amino  acid  sequences,  using  a 
set  of  assumptions  regarding  those  factors  (bond  angle  restrictions,  side- 
chain  interactions,  etc.)  which  are  considered  to  affect  conformation.  The 
successful  outcome  of  such  approaches  will  add  greatly  to  our  understand¬ 
ing  of  the  interrelationships  of  protein  sequence  and  configuration  and 
of  the  forces  which  influence  the  evolution  of  proteins. 
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TRANSIENT  ELECTRIC  BIREFRINGENCE  AND 
THE  ROTATIONAL  DIFFUSION  OF  PROTEINS: 
PROTEIN  STRUCTURE  IN  SOLUTION 


Don  Ridgeway 

Department  of  Biophysics,  Medical  College  of  Virginia,  Richmond,  Virginia 

1.  INTRODUCTION 

As  illustrated  in  this  symposium  by  the  papers  of  Drs.  Steiner  and 
Epstein,  the  study  of  proteins  today  is  concerned  with  a  highly  detailed 
description  of  their  structures,  frequently  to  atomic  resolution.  In  order 
to  progress  in  this  direction,  it  is  required  that  experimental  methods  be 
available  which  can  elucidate  protein  structure  to  an  equivalent  degree 
of  precision.  One  is  now  certainly  capable  of  such  detail  for  the  crystal¬ 
line  state  of  the  protein.  In  many  problems  of  molecular  biology,  how¬ 
ever,  such  as  those  dealing  with  initial  assumption  of  a  native  three-dimen¬ 
sional  structure  during  protein  synthesis,  or  protein  denaturation,  or  shape 
changes  during  enzyme  action,  one  is  concerned  with  the  properties  of 
transient  states  of  the  protein,  i.e.,  states  in  which  the  protein  essentially 
cannnot  be  crystallized.  Our  attention  is  then  directed  to  the  structure 
in  solution.  One  does  not  know  to  what  extent  the  protein  in  its  crystal 
resembles  its  solution  form  or  even  whether  it  tends  to  maintain  a  single 
structure  in  solution  rather  than  fluctuating  among  several  structures  of 
nearly  equivalent  energies  separated  by  low  activation  barriers.  We 
therefore  are  led  to  an  evaluation  of  methods,  formal  and  experimental, 
for  determination  of  the  solution  structure  and  properties  of  proteins. 

The  basis  of  the  determination  of  parameters  describing  the  proper¬ 
ties  of  individual  molecules  necessarily  is  formed  by  knowledge  of  the 
expressions  which  relate  these  quantities  to  others  which  may  be  meas¬ 
ured  in  an  experiment.  Between  the  two  classes,  the  microscopic  and  the 
macroscopic  parameters,  is  interposed  some  kind  of  averaging  process 
arising  because  the  measurement  must  be  made  on  a  population  of  mole¬ 
cules  rather  than  on  individual  ones.  It  is  the  purpose  of  the  present 
paper  to  discuss  distinctions  between  microscopic  and  macroscopic  param¬ 
eters  and  some  of  the  formal  procedures  employed  in  relating  them.  In 
order  to  do  this,  we  shall  select  a  particular  experimental  system,  the 
Kerr  cell,  and  evaluate  problems  arising  in  the  interpretation  of  data  on 
protein  solutions  from  this  system.  Since  the  problems  involve  both  the 
diffusion  and  the  dielectric  (including  optical)  properties  of  the  solution, 
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it  is  felt  that  the  system  does  display  enough  complexity  to  serve  as  a 
good  example  for  this  discussion. 

The  experimental  system  consists  essentially  of  a  light  source,  a  polar¬ 
izer,  an  analyzer,  and  a  detector  to  measure  light  intensity.  The  polarizer 
and  analyzer  could  be  Glan-Thomson  prisms,  for  example,  the  detector 
a  photomultiplier  tube  circuit  connected  with  a  rapid  rise-time  oscilloscope. 
The  Kerr  cell  is  a  parallel-plate  capacitor  with  windows  so  arranged  that 
the  protein  solution  is  subjected  to  any  potential  field  applied  across  the 
electrode  plates.  The  cell  is  usually  located  so  that  the  electric  field  is 
perpendicular  to  the  optic  axis  and  forms  an  angle  of  45°  with  the  plane 
of  polarization  of  the  light  from  the  polarizer.  In  operation,  the  polarizer 
and  analyzer  are  rotated  until  their  axes  are  crossed,  that  is,  until  no 
light  reaches  the  detector  from  the  source.  At  some  instant,  an  electric 
potential  is  applied  to  the  plates  to  produce  a  highly  intense  field  in  the 
protein  solution.  The  potential  is  held  constant  for  some  short  length 
of  time  and  is  then  suddenly  reduced  to  zero.  (Typical  values  for  work 
with  proteins  are  a  field  strength  of  40  kv/cm  for  1.7  /xsec.)  The  result¬ 
ing  intensity  changes  seen  by  the  photomultiplier  tube  are  shown  in  Fig¬ 
ure  1  from  an  experiment  in  which  the  Kerr  cell  contained  a  1%  aqueous 
solution  of  bovine  serum  albumin.  It  is  easily  demonstrated  optically 
that  the  intensity  here  is  a  measure  of  the  appearance  of  birefringence 
in  the  protein  solution  simultaneously  with  the  onset  of  the  applied  field. 


ELECTRIC  BIREFRINGENCE  OF  BOVINE  SERUM  ALBUMIN 


FIG  1 
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The  macroscope  information  contained  in  Figure  1  is  of  two  kinds. 
The  first  has  to  do  with  the  maximum  birefringence  induced  by  a  given 
field  strength.  Since  it  is  found  that  the  maximum  is  proportional,  over 
wide  ranges,  to  the  square  of  the  applied  field  strength,  this  information 
is  usually  expressed  as  the  proportionality  constant  in  this  relation  (after 
normalization  for  cell  dimensions  and  protein  concentration),  i.e.  by  the 
specific  Kerr  constant.  The  second  kind  of  information  has  to  do  with 
the  deviation  of  Figure  1  from  a  rectangle,  since  the  plot  would  be  rec¬ 
tangular  if  the  solute  were  of  such  a  nature  that  it  could  come  to  equilib¬ 
rium  instantaneously  with  new  values  of  the  potential.  As  both  the  ris¬ 
ing  and  the  decay  portions  of  the  curve  in  Figure  1  are  frequently  writ¬ 
ten  as  a  sum  of  exponentials,  this  deviation  is  usually  described  by  the 
exponents,  i.e.  the  relaxation  times,  and  the  coefficients  of  the  individual 
terms  in  such  a  sum. 

It  can  be  shown  that,  if  the  protein  molecules  are  small  with  respect 
to  the  wavelength  of  light  and  possess  a  symmetry  axis  in  their  optical 
properties,  then  the  birefringence  T  of  an  oriented  protein  solution  is 

(-Jt^-)T  —  (g3  _  gl)  <3  cos2  d  —  1>  (1) 

where  is  the  refractive  index  of  solvent,  the  volume  fraction  of  solute 
in  solution,  g;!  and  gx  are  the  unit  optical  polarizabilities  of  the  protein 
parallel  and  perpendicular,  respectively,  to  the  symmetry  axis,  and  6  is  the 
angle  formed  by  the  symmetry  axis  with  the  predominant  direction  of 
alignment,  i.e.  the  field  direction  in  the  case  of  the  Kerr  cell.  In  equa¬ 
tion  (1),  all  of  the  quantities  on  the  left  are  macroscopic  and  subject 
to  experimental  determination.  The  right  side  consists  of  the  product 
of  the  so-called  parameter,  (g3  —  gx),  a  microscopic  quantity,  and 
the  macroscopic  orientation  parameter  <3  cos2  6  —  !>•  In  application 
of  equation  (1)  to  the  Kerr  cell,  one  determines  the  molecular  orienta¬ 
tion  expected,  as  a  function  of  time,  for  the  solution  in  the  presence  of 
the  applied  field.  This  involves  the  static  dielectric  proper¬ 
ties  of  the  protein,  since  the  applied  field  is  constant  in  time  so  long  as 
it  is  present,  and  its  frictional  properties.  One  then  assumes  that  the 
electric  field  of  a  light  probe  may  be  superposed  onto  the  applied  field 
and  the  birefringence  determined  without  significantly  altering  the  orienta¬ 
tion  with  the  probe.  This  involves  only  the  optical  properties  of  the  mole¬ 
cules.  Such  a  separation  of  the  two  classes  of  properties  of  the  protein, 
the  optical  and  orientation,  which  is  reflected  in  the  final  form  of  equa¬ 
tion  (1),  provides  a  convenient  plan  for  discussion  of  the  events  in  the 
Kerr  cell,  which  we  shall  follow. 
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2.  OPTICAL  PROPERTIES 

In  introducing  the  quantities  with  which  we  shall  describe  the  elec¬ 
tric  and  optical  properties  of  a  protein  solution,  let  us  first  consider  the 
general  behavior  of  a  transparent  dielectric  material  between  the  electrodes 
of  a  parallel-plate  capacitor.  If  one  introduces  slabs  from  various  dielec¬ 
tric  materials  between  the  electrodes  and  measures  the  charge  induced 
on  the  electrodes  at  a  given  applied  potential,  he  arrives  in  general  at 
two  conclusions.  First,  the  induced  charge  is  different  for  different 
materials.  Second,  the  induced  charge  may  also  differ  for  slabs  cut  from 
nonparallel  planes  from  a  single  material.  These  properties  are  described 
equivalently  by  two  sets  of  quantities,  either  the  three  principal  capaciti¬ 
vities,  if  attention  is  directed  at  the  magnitude  of  the  induced  charge, 
or  the  three  principal  electric  susceptibilites,  if  one  is  concerned  with  the 
response  of  the  dielectric  itself,  i.e.  the  polarization.  The  principal  capaci¬ 
tivities  (or  the  susceptibilities)  are  equal  if  the  material  is  isotropic,  that 
is,  if  the  induced  charge  is  independent  of  the  orientation  of  the  slab  in 
the  material  before  cutting,  and  unequal  if  the  material  is  anisotropic. 
The  optical  properties  of  the  dielectric,  as  described  by  the  principal  refrac¬ 
tive  indices,  are  closely  related  to  these  static  properties.  One  finds  that 
the  square  of  the  principal  refractive  index  along  a  particular  axis  is 
directly  proportional  to  the  corresponding  principal  capacitivity  at  the 
same  frequency,  the  proportionality  constant  in  simple  cases  being  just 
the  reciprocal  of  the  capacitivity  of  free  space.  One  defines  the  bire¬ 
fringence  as  the  difference  between  the  two  extreme  values  of  the  refrac¬ 
tive  index  for  a  given  propagation  direction  in  order  to  provide  some 
measure  of  the  variation  in  the  refractive  indices  about  a  given  propaga¬ 
tion  direction.  It  can  be  calculated  for  any  propagation  direction  from 
the  principal  refractive  indices. 

In  formal  terms,  the  purpose  of  a  molecular  theory  of  dielectrics  is 
to  obtain  the  relation  between  the  fundamental  field  vector  E,  the  elec¬ 
tric  intensity  or  field  strength,  and  the  derived  quantity  D,  the  electric 
displacement.  The  relation  between  D  and  E  must  contain  the  fact  that 
in  general  the  magnitude  of  D  and  the  angle  it  forms  with  E  depend 
on  the  magnitude  and  direction  of  E.  One  may  transform  the  vector  E 
to  fulfill  these  conditions  in  either  of  two  ways.  The  first,  contraction 
with  a  tensor  of  rank  two,  leads  to  definition  of  the  capacitivity  tensor 
for  static  fields  e 


D  =  €*E  (2) 

or  an  identical  equation  for  optical  fields,  with  the  tensor  refractive  index 
n  replacing  e  .  The  second,  additon  to  E  of  a  new  vector  with  proper¬ 
ties  such  that  D  is  consistent,  leads  to  definition  of  the  polarization  P 
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D  =  £oE  +  P  (3) 

where  e0  is  the  capacitivity  of  free  space,  and  the  associated  susceptibility 
tensor  ^ 

P  =  <oX-E  (4) 

Both  e  (or  n)  and  ^  are  symmetric,  and  their  diagonalization  leads  to 
definition  of  three  mutually  orthogonal  directions  in  the  material,  the 
principal  dielectric  axes.  Along  these  directions  the  diagonal  elements 
of  the  tensors,  the  principal  capacitivities,  electric  susceptibilities,  or  re¬ 
fractive  indices,  obtain,  and  D  and  E  are  parallel.  It  is  noted  that 
both  the  magnitudes  of  the  matrix  elements  and  the  directions  of  the 
axes  are  in  general  wavelength  dependent  or  dispersive.  Moreover, 
equations  such  as  (2)  and  (4)  are  only  approximate.  For  example,  in 
order  to  treat  the  very  high  field  strengths  encountered  with  the  optical 
maser,  it  is  necessary  to  include  a  dependence  of  D  on  powers  of  E  higher 
than  the  first  and  capacitivity  tensors  of  ranks  greater  than  two;  and  in 
optical  rotation  it  is  essentially  necessary  to  include  a  dependence  of  D 
on  the  magnetic  induction  and  its  time  variation. 

The  response  of  an  individual  nonabsorbing  molecule  to  an  electric 
field  depends  on  both  any  permanent  electric  moment  it  may  possess 
due  to  a  distribution  of  real  charges  through  its  structure  and  on  the  mo¬ 
ment  induced  in  the  molecule  by  the  field.  At  optical  frequencies,  the 
interaction  of  the  permanent  moment  with  the  field  is  negligible  for  a 
protein,  and  one  is  concerned  only  with  the  induced  moment.  Analogous 
to  the  definition  of  the  macroscopic  susceptibility,  one  relates  the  dipole 
moment  ^  induced  in  the  molecule  to  the  local  electric  field  Eloc  at  the 
site  of  that  molecule  by  defining  the  principal  polarizabilities  and  the 
polarizability  tensor  a  such  that 

[L  =  e0  a  *  Eloc  (5) 

(where  eG  is  the  capacitivity  of  free  space).  We  shall  find  it  frequently 
convenient  to  define  the  principal  polarizability  per  unit  volume  of  mole¬ 
cule  in  the  case  of  a  protein,  which  we  shall  call  the  unit  polarizability 
gi  corresponding  to  the  ith  axis. 

In  order  to  infer  the  properties  of  molecules  from  measurements  it 
is  necessary  that  one  have  an  expression  relating  the  behavior  of  the 
dielectric,  as  contained  in  either  the  capacitivity  or  the  susceptibility, 
to  the  properties  of  the  individual  molecules.  It  is  found  that  the  re¬ 
quired  expression  is 

P  =  Nj<^>  +  N2</x2>  (6) 

where  Nx  and  N2  are  the  numbers  of  molecules  of  solvent  and  solute, 
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respectively,  in  a  unit  volume,  and  </u>  and  </x2>  are  the  respec¬ 
tive  dipoles  of  individual  molecules  averaged  over  all  molecules  in  the 
unit  volume.  Since  the  polarization  P  is  the  dipole  moment  per  unit 
volume  macroscopically,  equation  (6)  represents  a  kind  of  superposition. 
The  averages  on  the  right  side  of  (6)  are  macroscopic,  as  are  all  space 
averages.  However,  given  a  particular  molecular  theory,  it  is  always 
possible  in  principle  to  calculate  these  averages  from  the  theory  and 
thus  to  predict  the  macroscopic  behavior  from  the  assumed  properties 
of  individual  molecules. 


Let  us  consider  the  sources  of  birefringence  in  a  protein  solution. 
The  classical  zoologist,  in  working  with  the  polarization  microscope,  made 
the  useful  distinction  between  form  birefringence  and  intrinsic  birefring¬ 
ence.  Form  birefringence  has  to  do  with  an  anisotropy  arising  because 
of  a  nonuniform  distribution  of  solute  molecules  in  solution.  For  exam¬ 
ple,  if  protein  molecules  are  distributed  in  parallel  layers  through  the 
solution,  with  protein-poor  solvent  between  them,  then  independent  of 
molecular  orientation  (which  may  indeed  be  random)  within  the  layers, 
the  solution  is  found  to  be  birefringent  along  any  direction  not  perpendi¬ 
cular  to  the  layers.  The  analysis  of  this  source  of  birefringence  is  given 
in  detail  by  Wiener  (1912),  and  the  interesting  simple  case  of  parallel 
thin  plates,  which  illustrates  the  phenomenon,  is  given  by  Born  and 
Wolf  (1964).  The  form  birefringence  is  mentioned  here  because  of  its 
importance  to  biology.  We  have  neglected  it  in  equation  (1)  in  assum¬ 
ing  a  uniform  distribution  of  protein  in  the  solution.  The  intrinsic  bire¬ 
fringence,  as  the  name  implies,  has  to  do  with  the  properties  of  the  indi¬ 
vidual  molecule,  and  the  contribution  to  the  intrinsic  birefringence  from 
a  particular  molecule  is  independent,  for  a  given  electric  field  on  the 
molecule,  of  the  presence  of  other  molecules. 

A  predominant  role  in  the  theory  of  intrinsic  birefringence  of  pro¬ 
teins  has  been  played  by  assumptions  proposed  by  Peterlin  and  Stuart 
(1943).  Theory  which  one  believes  to  be  correct  leads  to  two  equa¬ 
tions  in  terms  of  the  molecular  polarizabilities,  one  for  the  birefringence, 
equation  (1)  above,  and  one  for  the  refractive  increment  of  the  protein 


dn 

dc 


(g.3  +  2gl) 


(7) 


where  n  and  nt  are  the  refractive  indices  of  solution  and  solvent,  respec¬ 
tively,  c  the  concentration  of  protein  in  g/cc,  and  ”v  is  the  partial  specific 
volume  of  protein;  the  refractive  increment  is  evaluated  in  its  extrapola¬ 
tion  to  infinite  dilution  of  protein.  Combining  the  two  equations,  one 
can  solve  for  g1  and  g3  for  any  iij  in  terms  of  measurable  quantities 
once  the  orientational  factor  is  known.  The  problem  of  theorv  is  to  relate 
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these  effective  particle  polarizabilities  to  properties  of  the  individual 
protein  molecule.  Peterlin  and  Stuart  assume  the  following  model.  Tak¬ 
ing  the  protein  molecule  frequently  to  have  an  approximately  ellipsoidal 
shape,  they  replace  it  with  a  uniform  dielectric  ellipsoid  of  the  same  dimen¬ 
sions.  They  then  assume  that  the  electric  properties  at  optical  frequencies 
of  this  microscopic  particle  are  identical  to  the  static  electric  properties 
of  a  macroscopic  dielectric  ellipsoid  of  the  same  axial  ratios,  the  static 
capacitivity  in  the  latter  being  simply  replaced  by  a  dispersive  (frequen¬ 
cy  dependent)  optical  capacitivity.  The  second  assumption  permits  one 
to  write  the  effective  particle  polarizabilites  in  terms  of  the  principal 
capacitivities  ex  and  £3  of  the  material  comprising  the  particle,  expressions 
which  are  well  known  from  classical  electrostatic  theory  (e.g.  Stratton, 
1941,  Sect.  3.27).  For  this  model,  there  are  two  sources  of  anisotropy 
in  the  polarizability  of  the  dielectric  ellipsoid.  The  first  is  imparted  by 
the  shape  of  the  particle,  vanishing  in  all  solvents  only  for  the  sphere, 
and  is  present  even  if  the  material  of  the  particle  is  itself  isotropic.  This 
source  of  anisotropy  depends  on  the  difference  in  capacitivities  of  the 
protein  and  solvent  and  vanishes  if  they  are  equal.  The  second  source 
of  anisotropy  of  the  particle  is  that  the  material  composing  it  may  itself 
be  anisotropic,  e.g.  crystalline.  In  this  case,  it  is  not  possible  to  elimi¬ 
nate  the  anisotropy  by  selection  of  an  isotropic  solvent. 

The  applicability  of  the  Peterlin-Stuart  model  to  oriented  protein 
solutions  has  recently  been  carefully  examined  (Taylor  and  Cramer,  1963a, 
b;  Cassim  and  Taylor,  1965).  Two  predictions  of  the  model  were  sub¬ 
jected  to  test  for  a  wide  variety  of  protein  and  nucleoprotein  materials, 
all  of  which  are  known  to  be  rodlike  (i.e.  highly  elongated  prolate  sphe¬ 
roids).  First,  the  optical  parameter  (g3  —  gi)  should  vary  in  a  particular 
fashion  with  solvent  refractive  index  because  of  the  shape  contribution 
to  the  particle  polarizability.  For  long  rods,  it  is  predicted  from  the 
Peterlin-Stuart  model  that  a  plot  of  the  optical  parameter  against  solvent 
refractive  index  should  pass  through  a  minimum  very  close  to  the  point 
at  which  the  capacitivity  of  solvent  is  equal  to  that  of  the  axial  capacitivity 
of  the  rod  (if  the  axial  and  cross  capacitivities  are  not  too  different). 
The  optical  parameter  should  have  the  same  sign  at  the  minimum  as  the 
difference  ( e3  —  ei ) .  If  the  material  of  the  particle  is  isotropic,  then  the 
optical  parameter  should  vanish  at  the  minimum,  in  accordance  with  the 
property  of  the  intrinsic  birefringence  mentioned  earlier.  The  second 
prediction  is  that  the  difference  in  capacitivities,  (e3  —  ei),  being  an  in¬ 
trinsic  macroscopic  property  of  the  material  of  the  particle,  should  be 
independent  of  the  solvent  refractive  index.  The  quantities  can  be  esti¬ 
mated  directly  from  the  measured  values  of  gj  and  g3  and  the  classical 
expressions  relating  the  two  pairs  of  quantities  for  the  dielectric  ellipsoid. 
Since  these  estimations  depend  on  measurements  in  a  single  solvent,  the 


1966] 


Transient  Electric  Birefringence 


201 


predicted  constancy  of  the  difference  (e3  —  ei)  for  several  different  sol¬ 
vents  can  be  evaluated. 

Neither  of  the  predictions  was  supported  in  the  materials  tested. 
The  optical  parameter  ( g3  —•  gi )  was  found  to  vary  much  more  slowly 
with  change  in  solvent  refractive  index  lij  than  is  expected  from  theory. 
Moreover,  the  estimated  difference  (e3  —  ei)  was  found  to  describe  a 
maximum  when  plotted  against  n2 . 

Cassim  and  Taylor  (1965)  now  examined  theoretical  difficulties 
associated  with  the  model  of  Peterlin  and  Stuart.  The  first  assumption 
to  be  relaxed  has  to  do  with  the  fact  that  the  molecule  is  not  ellipsoidal 
but  possesses  a  detailed  structure.  The  second  problem,  a  more  serious 
one,  is  concerned  with  the  electric  field  seen  by  the  particle  either  in 
orientation  or  in  the  measurement  of  birefringence.  In  macroscopic  theory, 
the  field  strength  at  a  point  is  the  result  of  superposition  of  the  applied 
field  and  the  field  arising  from  polarization  of  the  surrounding  continuous 
dielectric.  In  molecular  theory,  the  dielectric  is  not  continuous  but  con¬ 
sists  of  a  suspension  of  molecules  in  free  space.  The  local  field  at  a  point 
is  again  represented  as  the  superposition  of  the  applied  field  and  the 
internal  field,  or  field  arising  from  polarization  of  the  surrounding  mole¬ 
cules.  The  difficulty  in  calculation  of  the  internal  field,  since  it  arises 
from  mutual  interactions  of  induced  polarizations  as  well  as  interactions 
with  the  external  field,  is  that  it  depends  in  a  detailed  way  on  the  instan¬ 
taneous  orientations  of  the  individual  molecules.  Although  the  model 
selected  for  analysis  by  Cassim  and  Taylor  is  not  adequate  to  provide 
quantitative  agreement  with  experiment,  it  does  lead  to  instructive  con¬ 
clusions.  First,  it  is  possible  to  fit  the  optical  parameter-solvent  refrac¬ 
tive  index  curve  by  proper  selection  of  an  empirical  parameter  in  the 
polarizabilities  which  is  related  to  the  shape  of  the  protein.  Second,  a 
significant  amount  of  birefringence,  of  the  order  of  10%  of  the  entire 
birefringence,  arises  from  polarization  of  solvent  by  the  protein.  Knowl¬ 
edge  of  the  precise  structure  of  the  hydration  layer  and  adjacent  solvent 
therefore  appears  to  be  necessary  for  a  successful  quantitative  theory 
of  the  birefringence  of  the  protein  in  solution. 

3.  ORIENTATIONAL  EFFECTS 

The  orientation  of  microscopic  particles  with  permanent  and  induced 
electric  moments  in  an  electric  field  has  received  thorough  study.  In 
particular,  solutions  have  been  obtained  for  the  case  of  the  sphere  by 
Debye  (1929)  in  his  classical  book  on  polar  molecules,  that  of  the  ellip¬ 
soid  by  Perrin  (1934)  in  his  analysis  of  the  Brownian  motion  of  ellip¬ 
soids,  and  that  of  a  general  polymeric  particle  by  Kirkwood  (1954)  in 
his  statistical  theory  of  irreversible  processes.  The  rate  of  change  of  dis- 
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tribution  of  particle  orientations  in  an  electric  field  is  determined  by  two 
classes  of  phenomena,  which  are  considered  to  be  superposable.  The  first 
is  the  motion  due  to  electrostatic  interaction  of  die  particle  with  the 
field,  which  arises  from  the  torque  experienced  by  any  molecule  for 
which  the  permanent  real  charge  distribution  and  the  induced  charge 
distribution  are  not  in  the  position  of  a  potential  minimum  in  the  field. 
The  angular  velocity  produced  by  the  torque  is  obtained  by  assuming 
equilibrium  between  die  electrostatic  torque  and  the  frictional  torque 
experienced  by  the  particle  from  viscous  forces  as  it  rotates  in  response 
to  the  field.  Since  these  concepts  all  refer  to  the  motion  of  individual 
protein  molecules,  they  must  be  described  in  terms  of  microscopic  quan¬ 
tities.  The  required  quantities  are  the  real  charge  distribution,  determin¬ 
ing  the  permanent  electric  moment,  the  principal  static  polarizabilities, 
determining  the  induced  moments,  and  the  principal  viscous  drag  con¬ 
stants.  The  second  source,  the  Brownian  motion,  is  the  rotational  response 
to  random  impulses  experienced  by  the  particle  in  thermal  motion.  This 
motion  is  determined  by  the  assumption,  originally  made  by  Einstein 
(1905)  in  his  theory  of  Brownian  motion  of  spheres,  that  the  individual 
protein  molecules  are  in  thermal  equilibrium  with  the  solvent,  even 
though  they  may  not  be  in  orientational  equilibrium  with  the  electric 
field.  Equilibrium  is  essentially  a  macroscopic  phenomenon,  and  the 
Brownian  motion  is  therefore  described  by  macroscopic  parameters,  the 
principal  rotational  diffusion  constants. 

In  formal  terms,  the  differential  equation  for  the  forced  diffusion  of 
ellipsoids  is 

—  =  —  i  ■  (/>v  —  R'ip)  (8) 

at 

where  p  is  the  probability  density  of  angular  orientation  in  terms  of  the 
time  and  the  Eulerian  angles  of  the  ellipsoid  relative  to  some  coordinate 
system  fixed  with  respect  to  the  Kerr  cell,  R  is  the  diffusion  tensor,  which 
is  assumed  to  be  diagonalized,  and  v  is  a  vector  with  components  which 
are  the  instantaneous  rates  of  change  of  the  respective  Eulerian  angles 
of  the  particles.  Equation  (8)  is  a  continuity  equation  relating  the 
time  rate  of  change  of  the  angular  probability  density  to  the  two  kinds 
of  probability  current  affecting  it.  The  first  term  in  parentheses  on  the 
right  side  represents  the  current  due  to  the  applied  electric  field.  It 
can  be  written 

ds 

v  =  A-  —  (9) 

dt 

Here,  ds/dt  is  a  vector  with  components  which  are  the  angular  velocities 
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about  the  respective  axes  of  the  ellipsoid,  and  A  is  the  matrix  of  the  trans¬ 
formation  relating  infinitesimal  rotations  about  the  ellipsoidal  axes  to 
changes  in  the  Eulerian  angles,  such  that  if  x  is  a  vector  with  components 
which  are  the  Eulerian  angle  of  a  particle,  then  dx  =  A  •  ds.  If  the  elec¬ 
tric  couple  L  is  at  equilibrium  with  the  frictional  drag  on  the  molecule, 
then  the  velocity  ds/dt  may  be  written 


(10) 


dt 


where  C1  is  the  inverse  of  the  diagonalized  viscous  drag  tensor  of  the 
ellipsoid.  The  drag  tensor,  the  elements  of  which  are  known  for  the 
ellipsoid  from  Edwardes  (1893),  is  the  matrix  for  which  the  ii  element 
is  the  frictional  couple  encountered  by  the  particle  in  steady  rotation  at 
unit  angular  velocity  about  its  ith  axis.  The  second  term  in  parentheses 
on  the  right  side  of  equation  (8)  represents  the  current  due  to  Brownian 
motion,  as  indicated  bv  the  presence  of  the  diffusion  tensor. 

The  transition  from  macroscopic  observations  to  microscopic  quanti¬ 
ties  is  provided,  so  far  as  the  shape  of  the  molecule  is  concerned,  by 
the  relations  between  the  principal  rotational  diffusion  constants  and  the 
corresponding  viscous  drag  constants.  These  relations  are  the  purpose 
of  a  theory  of  Brownian  motion.  In  the  case  of  the  ellipsoid,  the  result 
is  the  very  simple  relation  (Perrin,  1934) 


(ii) 


where  kT  is  thermal  energy.  Since  equations  such  as  (11)  apply  to 
the  case  of  a  smooth  particle  rotating  in  a  continuous  medium,  it  is  neces¬ 
sary  to  test  their  applicability  for  solute  particles  the  size  of  the  protein 
molecule.  The  rigid  rod-shaped  molecule  is  probably  the  only  model 
particle  about  which  one  can  have  some  confidence  in  the  shape  esti¬ 
mated  from  other  methods.  Comparing  length  determinations  from 
streaming  birefringence  to  estimates  from  methods  believed  to  provide 
correct  lengths  (e.g.  lightscattering,  electrton  microscopy),  Taylor  and 
Cramer  (1963b)  have  found  good  agreement  in  three  different  materials 
examined.  Since  the  hydrodynamic  assumptions  in  the  theory  of  stream¬ 
ing  birefringence  are  the  same  as  those  in  the  present  case,  it  is  believed 
that  one  can  apply  the  Perrin  equations  to  ellipsoidal  proteins. 

We  shall  separate  analysis  of  the  time  variation  of  birefringence 
displayed  in  Figure  1  into  two  parts.  The  first  is  the  rise  portion  of 
the  curve,  describing  the  response  of  the  initially  randomly  arranged  solu¬ 
tion  to  the  sudden  appearance  of  a  static  electric  field.  The  second  is 
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the  decay  portion  of  the  curve,  from  the  instant  the  field  is  removed, 
which  describes  the  behavior  of  an  initially  ordered  solution  in  the  absence 
of  an  external  field. 

The  decay  period  is  the  simpler  of  the  two  because  it  depends  solely 
on  the  Brownian  motion  [v  =  0  in  equation  (8)]  .  The  solution  has  re¬ 
cently  been  obtained  for  the  general  case  of  the  asymmetric  ellipsoid  of 
an  anisotropic  material  with  a  nonaxial  permanent  dipole  moment  [Ridge¬ 
way  (1966)]  .  It  is  of  interest  to  compare  four  specializations  of  the 
general  solution.  The  first  is  the  suspension  of  a  single  type  of  spheroid 
(two  axes  equal)  of  isotropic  material.  The  decay  of  birefringence  is 
found  to  be  a  simple  exponential  curve,  so  that  the  plot  of  the  log  of 
the  birefringence  against  the  time  should  be  a  straight  line.  The  slope 
of  the  line  is  simply  — 6RX  t ,  where  Rx  is  the  macroscopic  rotational  dif¬ 
fusion  constant  for  diffusion  about  one  of  the  cross  axes  of  the  ellipsoid. 
This  prediction  is  obeyed  very  well  by  bovine  serum  albumin,  as  is 
known  from  the  work  of  Krause  and  O’Konski  (1957).  It  is  shown  in 

Figure  2,  which  is  the  semilogarithmic  plot  of  the  decay  portion  of  the 
curve  in  Figure  1.  The  plot  extends  over  more  than  three  relaxation 
times,  or  to  something  less  than  5%  of  the  initial  birefringence.  The 
second  case  is  that  of  a  suspension  of  two  types  of  spheroids  of  isotropic 
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material.  This  and  the  previous  case  are  those  studied  in  the  very  thor¬ 
ough  analysis  by  Benoit  (1951).  Since  in  dilute  solution  the  motions  of 
the  individual  protein  molecules  should  be  largely  independent  of  other 
protein  molecules,  one  expects  simply  a  superposition  of  contributions 
to  the  birefringence  or,  in  this  case,  a  mixed  exponential  curve  with  a 
term  for  each  of  the  species  of  protein  present.  The  coefficient  of  each 
term  contains  the  concentration  of  that  species,  and  the  exponent  is  pro¬ 
portional  to  the  cross  diffusion  constant  for  that  species.  The  third 
case  is  that  of  a  spheroid  of  anisotropic  material.  A  mixed  exponential 
curve  is  expected,  with  two  terms,  of  which  that  with  the  smaller  exponent 
is  the  one  which  would  be  observed  if  the  material  of  the  particle  were 
isotropic.  Finally,  the  fourth  case  is  that  of  the  ellipsoid  with  three 
unequal  axes  composed  of  an  anisotropic  material.  One  expects  a  mixed 
decay  curve  of  two  terms.  Both  exponents  are  complicated  functions 
of  all  three  viscous  drag  constants.  The  most  information  about  the  mole¬ 
cule  to  be  obtained  from  the  decay  curve  alone  is  the  average  of  the 
three  rotational  diffusion  constants,  which  can  be  inferred  from  a  com¬ 
bination  of  the  values  of  the  two  exponents.  Given  just  the  additional 
information  of  the  volume  of  the  particle,  which  can  be  inferred  from  its 
molecular  weight,  partial  specific  volume,  and  hydration,  one  can  then 
infer  the  axial  lengths  of  the  ellipsoid  themselves.  Ridgeway  points  out 
that  it  is  not  possible,  for  a  double  exponential  decay  curve,  to  distinguish 
experimentally  whether  it  indicates  the  second  or  fourth  case  described 
here,  because  any  ratio  of  the  two  exponents  is  acceptable  in  either  case. 
The  third  case  leads  to  a  specific  ratio  of  the  exponents  and  should  be 
detectable  as  such. 

Interpretation  of  the  rise  portion  of  the  curve  in  Figure  1  requires 
that  one  take  into  account  interactions  of  the  protein  molecule  with  the 
electric  field.  We  shall  discuss  one  of  the  several  problems  which  must  be 
considered  in  treating  this  interaction.  This  problem,  which  was  pointed 
out  by  Kirkwood  and  Shumaker  (1952),  is  of  particular  importance  because 
it,  unlike  the  others,  may  affect  not  only  the  birefringence  attained  when 
the  protein  is  at  equilibrium  with  the  external  field,  but  the  nature  of  the 
time  dependence  of  approach  to  equilibrium  as  well.  It  may  therefore 
affect  estimation  (from  the  rise  portion)  of  the  shape  of  the  protein  as 
well  as  that  of  the  dielectric  properties. 

The  problem  rises  because  of  the  polyelectrolyte  nature  of  the  protein 
and  can  be  seen  from  a  simple  model.  We  represent  the  protein  as  a  rigid 
uncharged  rod  with  two  carboxyl  groups  and  one  amino  group  at  each 
end.  The  acid  dissociation  of  these  groups  is 

— NH3+±;-  NH2  +  H  + 

— COOH  —  — COO-  +  H  + 
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In  the  pH  5-6  region,  in  which  one  commonly  studies  protein  solutions, 
the  two  amino  groups  are  effectively  always  charged,  whereas  the  prob¬ 
abilities  are  comparable  that  a  given  carboxyl  group  be  charged  or  un¬ 
charged.  Let  us  consider  the  effect  of  an  external  electric  field  on  the 
behavior  of  the  model  in  this  region.  The  dipole  moment  of  the  mole¬ 
cule  is  fx  =  ( q,2  —  qi )  /2,  where  qx  and  q2  are  the  charges  at  the  two 
ends  1  and  2,  and  ^  points  from  1  to  2.  The  potential  in  the  absence  of 
an  external  field  is  simply  that  arising  from  the  Coulombic  repulsion  of 
the  groups  and  the  opposed  chemical  tendency  of  the  groups  to  dissociate. 
We  have  assumed  that  these  balance  such  that  about  half  of  the  carboxyl 
groups  in  solution  are  dissociated.  The  potential  minimum  is  then  the 
state  in  which  there  is  one  dissociated  carboxyl  group  at  each  end.  In 
the  presence .  of  the  external  field,  there  is  an  additional  potential  /x  •  E 
=  /xEcosO  arising  from  interaction  of  the  dipole  with  the  field  (0  is  the 
angle  formed  by  /x  with  the  field  direction ) .  In  the  absence  of  an  induced 
dipole,  this  is  the  orientational  potential.  It  is  minimized,  for  any  6  < 
7T  /  2 ,  when  both  of  the  carboxyl  groups  at  end  2  are  dissociated  and 
neither  at  end  1,  such  that  qx  =  +  1  and  q2  =  — 1,  and  it  is  maximized 
by  the  reverse  situation.  The  two  states  are  equivalent  in  terms  of  Cou¬ 
lombic  repulsion,  and  since  both  have  half  the  carboxyl  groups  of  the 
protein  dissociated,  they  are  equivalent  in  terms  of  the  chemical  dissocia¬ 
tion  tendency.  The  presence  of  the  external  field  influences,  therefore, 
not  the  fraction  of  dissociated  groups  on  the  molecule,  but  the  precise 
selection  of  which  groups  are  to  be  charged.  Moreover,  it  is  seen  that 
a  molecule  with  some  distribution  of  charge  other  than  that  of  the  poten¬ 
tial  minimum  may  decrease  its  potential  either  by  decreasing  6  ,  i.e.,  by 
becoming  more  closely  aligned  with  the  field,  or  by  rearranging  its  charges. 

The  response  of  the  protein  solution  to  the  applied  field  of  the  Kerr 
cell  must  reflect  both  mechanisms  of  decreasing  the  potential.  There  are 
are  several  aspects  to  be  taken  into  account  in  order  to  evaluate  their 
relative  interactions.  First,  there  are  two  ways  of  altering  the  charge 
state  of  the  protein.  The  first,  proton  migration,  is  to  transfer  a  proton 
from  an  uncharged  carboxyl  group  to  a  charged  one.  The  second  is  to 
allow  both  groups  to  react  with  the  surrounding  aqueous  medium,  with 
different  protons  involved  in  the  two  exchanges.  These  two  mechan¬ 
isms  apparently  are  not  equivalent  in  terms  of  the  rates  at  which  they 
occur.  Next,  just  as  the  response  of  the  protein  to  the  torque  produced 
by  the  electric  field  is  perturbed  by  Brownian  motion,  so  does  the  dis¬ 
sociation  phenomenon  display  a  fluctuation  in  its  behavior.  Since  the 
fluctuation  directly  alters  the  basis  of  interaction  of  the  molecule  with 
the  field,  i.e.  the  real  charge  distribution,  its  occurrence  during  the  response 
to  the  applied  electric  field  can  have  a  profound  effect  on  the  approach 
to  equilibrium.  Third,  the  energy  of  any  given  charge  configuration  is 
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affected  bv  the  electric  field  and  is  dependent  on  orientation.  Therefore, 
the  fluctuation  rate,  which  is  determined  by  the  activation  energy  of  dis¬ 
sociation,  is  a  function  of  the  specific  charge  on  the  molecule  and  its 
orientation  in  the  field.  Finally,  as  has  been  pointed  out  by  Scheider 
(1965),  the  fact  that,  in  a  three-dimensional  protein  with  ionogenic 
groups  over  its  entire  surface,  the  fluctuations  can  alter  the  direction  as 
well  as  the  magnitude  of  the  permanent  dipole  moment  of  the  protein 
leads  to  the  possibility  that  the  final  orientational  state  of  the  solution 
in  the  electric  field  is  a  nonequilibrium  steady  state  and  not  the  equilib¬ 
rium  state  which  would  obtain  if  the  permanent  moment  were  independent 
of  time.  This  clearly  affects  the  interpretation  of  the  final  birefringence 
in  the  Kerr  cell  in  the  presence  of  the  field. 

Some  of  these  aspects  have  been  treated  by  Tinoco  (1955)  and,  more 
recently,  by  Scheider  (1965).  Scheider  deals  directly  with  the  fluctuation 
problem,  considering,  however,  only  the  case  in  which  the  fluctuation 
rate  is  independent  of  the  electric  field  and  carboxylate  exchanges  are 
always  directly  with  the  surrounding  medium.  It  is  evident  that,  what¬ 
ever  problems  are  involved,  their  influence  on  the  rise  portion  of  the 
birefringence  curve  depends  on  the  relative  values  of  the  relaxation  times 
underlying  them.  Interpreting  data  on  serum  albumin  of  Eigen  et  al. 
(1960)  in  order  to  evaluate  relaxation  times  appearing  in  his  results, 
Scheider  concludes  that  the  change  in  real  charge  distribution  is  too  slow 
to  introduce  new  relaxation  times  into  the  time  response  of  the  protein 
to  an  electric  field. 

Let  us  summarize  our  discussion  about  the  time  behavior  of  the 
birefringence  plot.  We  have  seen  that  the  decay  portion  of  the  curve 
contains  three  kinds  of  information  in  the  case  of  the  spheroid.  First,  it 
permits  a  particularly  simple  determination  of  monodispersity.  Second,  it 
provides  a  test  of  the  isotropic  nature  of  the  material  of  the  protein.  Third, 
it  yields  a  direct  estimate  of  the  rotational  diffusion  constant  of  the  pro¬ 
tein.  The  rise  portion  of  the  curve  contains  this  information  and,  in  addi¬ 
tion,  estimates  of  the  permanent  and  induced  dipole  moments.  Whereas 
evaluation  of  the  decay  curve  is  straightforward,  that  of  the  rise  portion 
requires  considerable  further  study. 

We  shall  conclude  with  what  we  believe  one  can  say  about  bovine 
serum  albumin  on  the  basis  of  Figure  1.  The  solution  is  monodisperse, 
so  that,  if  the  protein  fluctuates  among  several  structures,  those  structures 
do  not  have  significantly  different  axial  ratios.  The  material  of  the  pro¬ 
tein  is  isotropic  in  the  sense  of  the  Peterlin- Stuart  model.  The  mole¬ 
cule  is  a  spheroid.  If  we  assume  the  values  taken  by  Krause  and  O’Konski 
(1957)  in  order  to  estimate  the  volume  of  the  hydrodynamic  unit  in  solu¬ 
tion  (partial  specific  volume,  0.734;  molecular  weight,  67000;  hydration, 
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0.5  g.  water/g.  protein),  and  tire  relaxation  time  of  0.227  /zsec  obtained 
from  Figure  2,  then  bovine  serum  albumin  is  either  a  prolate  spheroid 
with  the  axial  ratio  6.5  or  an  oblate  spheroid  with  the  ratio  1/16.3.  A 
careful  comparison  of  the  axial  ratios,  as  well  as  the  reasons  for  preference 
of  the  prolate  ellipsoid,  is  given  by  Krause  and  O’Konski. 
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COUNCIL  MEETING 
VIRGINIA  ACADEMY  OF  SCIENCE 
HARRISONBURG,  VIRGINIA 
May  5,  1966 

President  Hughes  called  the  meeting  to  order  at  4:10  p.m.  The  fol¬ 
lowing  were  present:  Lynn  D.  Abbott,  Jr.,  Carl  W.  Allen,  Rodney  C.  Berry, 
James  L.  Calver,  John  F.  Eckel,  Samuel  L.  Emory,  Arne  Hansen,  Boyd 
Harshbarger,  Roscoe  D.  Hughes,  Tom  Joyner,  Herbert  McKennis,  James 
W.  Midyette,  Jr.,  Fred  R.  Millhiser,  S.  S.  Obenshain,  Alfred  S.  Romer, 
Maurice  B.  Rowe,  Russell  J.  Rowlett,  Jr.,  E.  V.  Russell,  Jr.,  Foley  F.  Smith, 
E.  C.  Stevenson,  R.  L.  Taylor,  Mrs.  J.  J.  Thaxton,  Jr.,  William  E  .Trout,  Jr., 
Stanley  Williams,  William  S.  Woolcott. 

The  President  welcomed  Dr.  Romer,  president  of  the  AAAS,  and  Dr. 
Taylor,  a  VAS  member  and  AAAS  representative.  Dr.  Taylor  emphasized 
the  1966  AAAS  meeting  in  Washington,  D.  C. 

Proposed  changes  in  the  Constitution  and  By-Laws,  previously  review¬ 
ed  by  Council,  were  presented  by  the  Secretary.  Dr.  Harshbarger  pointed 
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out  the  possible  Post  Office  requirement  for  a  statement  on  the  amount 
of  a  member’s  dues  which  goes  for  a  Journal  subscription.  This  was  dis¬ 
cussed  and  finally  referred  to  the  Long  Range  Planning  Committee  for 
investigation  in  their  complete  Constitution  and  By-Law  study.  A  motion 
to  accept  the  revised  Constitution  and  By-Laws,  as  sent  to  all  VAS  mem¬ 
bers,  was  seconded  and  approved  unanimously. 

President  Hughes  thanked  and  discharged  the  ad  hoc  Committee 
on  Constitution  and  By-Laws.  He  suggested  that  questions  about  further 
revision  be  sent  to  the  Long  Range  Planning  Committee.  He  then  report¬ 
ed  that  Professor  Taylor’s  ad  hoc  Committee  on  Duties  of  Officers  and 
Committees  was  working  but  did  not  have  a  report. 

Dr.  S.  L.  Emory,  representing  Virginia  geographers,  asked  Council  to 
consider  the  creation  of  a  Geography  Section.  He  stated  there  are  100- 
150  professional  geographers  in  Virginia,  mostly  in  the  Washington  area, 
and  their  work  does  not  fit  easily  into  any  present  Section.  After  dis¬ 
cussion,  Mr.  Midyette  moved  to  encourage  Dr.  Emory  to  proceed  with 
consideration  of  the  organization  of  a  Geography  Section  under  the  guid¬ 
ances  of  the  VAS  Constitution  and  By-Laws.  The  motion  was  seconded 
and  approved.  The  President  thanked  Dr.  Emory  for  his  interest  in  the 
VAS. 

Treasurer  Rowe  briefly  reviewed  the  finances  emphasizing  that  they 
are  in  excellent  condition.  There  was  a  March  31  general  fund  balance 
of  $16,590.12.  Also,  on  that  date  there  were  1512  members,  a  record 
high. 

Finance  Committee  Chairman  Harshbarger  pointed  out  two  changes 
reflected  in  the  Constitution  and  By-Laws  which  will  affect  his  Commit¬ 
tee.  First,  all  future  budgets  and  finance  reports  will  include  all  VAS 
grants,  The  Journal,  and  the  Junior  Academy.  Second,  the  Finance  Com¬ 
mittee  will  prepare  a  proposed  budget  in  late  September  or  early  October 
for  submission  to  the  fall  Council  Meeting. 

Dr.  Millhiser  reviewed  current  membership  activities.  He  declared 
that  the  VAS  is  excellent  educationally  but  is  not  too  attractive  to  indus¬ 
trial  scientists.  He  emphasized  the  need  to  attract  more  industrialists 
and  pointed  out  the  urgent  necessity  to  have  scientists  in  more  positions 
of  authority  in  the  State  government.  The  President  thanked  Dr.  Mill¬ 
hiser  for  his  remarks  and  added  the  comment  that  this  agrees  with  some 
recent  ideas  of  Dr.  Joyner  about  the  need  for  a  high-level  Science  Advisory 
Board  to  serve  the  State.  Later  in  the  meeting  Dr.  Joyner  reemphasized 
the  same  points  and  asked  Council  to  consider  them  for  future  discussion. 

Mrs.  Thaxton  outlined  the  VJAS  program  emphasizing  the  25th  Anni¬ 
versary  and  the  Friday  morning  breakfast. 
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President-Elect  Williams  announced  a  meeting  of  all  Section  Editors 
for  Friday  at  11:50  a.m.  The  purpose  is  to  get  more  uniform  abstracts 
for  the  Proceedings  issue  of  The  Journal.  He  pointed  out  the  need  to 
insert  the  two  new  Councilors,  Materials  Sciences  and  Space  Sciences,  into 
the  present  three-year  rotation.  After  discussion,  he  moved  to  instruct 
tiiese  new  Sections  to  elect  their  first  Councilors  for  an  initial  two-year 
period.  This  was  seconded  and  approved. 

Dr.  Obenshain  described  plans  for  the  Past  Presidents’  Dinner  on 
Friday  evening. 

President  Hughes  expressed  appreciation  for  the  support  which  he 
had  received  from  Council  and  gave  Council  his  very  best  wishes  for 
continued  good  work.  He  adjourned  the  meeting  at  5:30  p.m. 

Respectfully  submitted 

Russell  J.  Rowlett,  Jr.,  Secretary 


ACADEMY  CONFERENCE 
VRGINIA  ACADEMY  OF  SCIENCE 
HARRISONBURG,  VIRGINIA 
May  5,  1966 

President  Hughes  called  the  conference  to  order  at  8:43  p.m.  and 
declared  a  quorum  present.  He  expressed  pleasure  in  having  Dr.  Alfred 
S.  Romer,  President  of  the  AAAS,  present.  He  called  for  comments  from 
President-Elect  Williams.  Dr.  Williams  said  he  was  working  on  1966-67 
committees  and  reminded  new  Council  members  of  the  Saturday  morning 
breakfast  meeting. 

Treasurer  Rowe  reported  he  was  gratified  with  the  financial  condi¬ 
tion,  having  a  balance  as  of  today  of  over  $16,000. 

The  Executive  Secretary-Treasurer  announced  there  had  been  no  ill 
effects  because  of  the  1966  dues  increase.  There  are  1421  paid  members 
and  cash  receipts  are  within  $2,000  of  the  budget  estimate.  He  stated 
that  expenditures  will  not  exceed  budgeted  amounts.  He  then  summarized 
his  activities  as  representative  of  the  VAS  at  the  December  1965  AAAS 
meeting. 

The  President  called  for  reports  from  each  Section  councilor.  All 
reported  full  technical  programs.  The  Medical  Science  Section  emphasized 
the  Symposium  on  Molecular  Biology. 
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Dr.  Wisman  described  activities  of  the  Junior  Academy.  President 
Hughes  expressed  deep  appreciation  for  the  fine  work  of  Dr.  Wisman 
and  his  associates. 

Dr.  McKennis  reviewed  discussions  in  the  Long-Range  Planning 
Committee  and  pointed  out  he  had  summarized  for  his  successor  the 
remaining  objectives  of  this  Committee. 

Membership  Chairman  Millhiser  reported  184  new  members  during 
the  past  year.  He  thanked  Dr.  Obenshain  who  headed  a  sub-committee 
on  high-school  recruiting.  The  Chairman  emphasized  what  he  considered 
a  failure  to  increase  individual  memberships  from  industry  and  declared 
this  to  be  a  challenge  for  the  new  year. 

Business  Manager  Allen  declared  The  Journal  lived  within  its  income 
during  the  past  year  and  described  his  financial  report  as  almost  identical 
to  his  report  of  last  year.  He  thanked  Mr.  Berry  for  keeping  the  books, 
and  particularly  for  maintaining  very  accurate  addresses. 

Chairman  Ramsey  emphasized  the  Natural  Resource  Committees 
Symposium  on  Air  Pollution  and  stated  that  his  ultimate  hope  was  to  have 
a  report  with  recommendations  to  the  Academy  on  natural  resources. 

Dr.  Nicely  reported  for  the  Virginia  Flora  Committee.  The  Secre¬ 
tary  read  the  report  of  the  Business  Advisory  Committee.  Dr.  Harsh- 
barger  summarized  a  distributed  report  for  the  past  year’s  finances  and 
the  coming  year’s  budget.  The  President  announced  the  50th  anniver¬ 
sary  meeting,  1973,  will  be  held  in  Williamsburg,  and  President-Elect 
Williams  explained  some  of  the  preliminary  arrangements. 

Dr.  Raymond  Taylor,  AAAS,  conveyed  greetings  from  the  National 
Society  and  emphasized  the  December  1966  meeting  in  Washington,  D.  C. 

Professor  Russell  summarized  the  work  of  the  Science  Talent  Search. 
The  Secretary  read  a  report  from  the  Visiting  Scientists  Program. 

President  Hughes  thanked  the  Local  Arrangement  Committee  and 
declared,  in  his  opinion,  the  arrangements  have  “never  been  handled  bet¬ 
ter.” 


Chairman  Flory  reviewed  the  establishment  of  the  ad  hoc  Publications 
Committee,  described  its  activities,  and  the  recent  initiation  of  the  perma¬ 
nent  committee.  He  explained  the  Committee’s  current  objectives,  par¬ 
ticularly  the  need  to  find  a  new  editor.  Upon  a  question  from  Dr.  Thomp¬ 
son,  he  said  the  Academy’s  History  is  being  studied  and  revised  as  a 
master’s  thesis  in  the  History  Department  at  the  College  of  William  and 
Mary.  It  is  hoped  that  the  thesis  wil  provide  a  publishable  story  some- 
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time  within  the  next  year.  President  Hughes  expressed  deep  apprecia¬ 
tion  for  the  work  of  Dr.  Flory  and  his  committee. 

The  Secretary  introduced  and  briefly  explained  the  proposed  consti- 
ution  and  by-law  changes.  It  was  moved,  seconded,  and  unanimously 
approved  that  the  revised  constitution  and  by-laws,  as  circulated  to  the 
entire  membership,  be  approved  by  Council. 

Dr.  Stevenson  reported  for  the  Research  Committee  and  submitted 
a  list  of  research  grants  for  the  past  year. 

The  meeting  was  adjourned  at  10:06  p.m. 

Respectfully  submitted, 

Russell  J.  Rowlett,  Jr.,  Secretary 


44th  ANNUAL  ACADEMY  ASSEMBLY 
VIRGINIA  ACADEMY  OF  SCIENCE 
MADISON  COLLEGE,  HARRISONBURG,  VIRGINIA 
May  6,  1966 

President  Hughes  called  the  assembly  to  order  at  8:15  p.m.  and  wel¬ 
comed  the  audience  to  the  44th  Annual  Meeting.  The  greetings  from 
Madison  College,  the  host  institution,  were  presented  by  Dr.  J.  Emmert 
Ikenberry. 

Chairman  Stevenson  of  the  Research  Committee  announced  the  1966 
J.  Shelton  Horsley  Award  which  went  to  Dr.  Frank  A.  Vingiello,  Professor 
of  Chemistry  at  V.  P.  I.,  for  his  paper,  ‘‘New  Polycyclic  Aromatic  Hydro¬ 
carbons  with  Seven  Fused  Rings.”  He  presented  the  award  to  Dr.  Vin¬ 
giello  who  reviewed  his  research. 

Past  President  Guy  presented  the  Ivey  F.  Lewis  Distinguished  Service 
Award  to  Dr.  Boyd  Harshbarger,  Professor  of  Statistics  at  V.  P.  I.  and  past 
president  of  the  Academy.  Dr.  Harshbarger,  in  accepting,  thanked  the 
Aoademy  stating  he  felt  he  had  received  from  the  Academy  far  more  than 
he  had  given. 

The  S.  S.  Negus  Memorial  Lecture  was  presented  by  Dr.  Alfred  S. 
Roemer,  Professor  of  Comparative  Zoology  at  Harvard  and  President  of 
the  AAAS,  who  discussed  his  research  on  the  evolutionary  development 
from  bony  fishes  to  amphibians  and  higher  levels  of  life. 

Mr.  W.  F.  Young  of  the  State  Department  of  Education  presented  the 
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1966  Biology  Teacner  Award  to  Mrs.  Virginia  Niemeyer,  Churchland  High 
School. 

Dr.  Edward  F.  Turner,  Jr.  made  the  following  report  of  the  Resolu¬ 
tions  Committee: 

WHEREAS,  the  Virginia  Academy  of  Science  has  convened  in  its 
Forty-Fourth  annual  session  in  Harrisonburg,  Virginia,  from  May  4  through 
May  8,  1966,  and 

WHEREAS,  the  members  in  attendance  have  derived  edification  from 
this  forum  for  the  exchange  of  scientific  information,  and  have  been  the 
recipients  of  many  generous  acts  of  hospitality. 

BE  IT  RESOLVED: 

1.  That  we  express  our  gratitude  for  the  warm  and  generous  hos¬ 
pitality  of  the  administrative  officers,  faculty,  staff  and  students 
of  Madison  College,  who  placed  their  facilities  at  our  disposal, 
who  prepared  meals  for  our  refreshment,  and  who  gave  unstint¬ 
ing  assistance  in  countless  other  ways. 

2.  That  we  extend  our  heartfelt  thanks  to  Miss  Ruth  Campbell  and 
the  staff  of  Massanetta  for  housing,  feeding  and  providing  meet¬ 
ing  places  for  the  young  scientists  of  the  Junior  Academy  in  the 
delightful  environs  of  Massanetta  Springs. 

3.  That  we  acknowledge  our  debt  to  Dr.  Wilbert  Chappell  and 
his  colleagues  on  the  Local  Arrangements  Committee  who  have 
attended  to  the  manifold  arrangements  of  this  meeting  with 
obvious  competence,  to  the  local  community  for  its  interest  and 
attention  to  the  comforts  of  our  members,  to  the  exhibitors  for 
their  interesting  and  educational  displays,  and  to  the  charming 
young  ladies  who  served  as  couriers  and  registrars. 

4.  That  we  express  thanks  to  all  those  responsible  for  the  organiza¬ 
tion  of  the  three  symposia  which  contributed  so  significantly  to 
the  success  of  these  meetings,  and  especially  to  the  symposium 
speakers  whose  knowledgable  and  engaging  lectures  will  pro¬ 
foundly  influence  our  understanding  of  these  three  important  areas 
of  science. 

5.  That  our  sincere  thanks  be  given  to  those  who  presented  papers 
and  to  the  section  officers  who,  in  large  measure,  are  responsible 
for  the  preliminary  work  leading  to  these  highly  successful  paper 
presentations. 
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6.  That  our  appreciation  be  made  known  to  the  Phipps  and  Bird 
Corporation  for  the  pleasurable  interlude  which  they  provided 
during  these  deliberations,  and 

WHEREAS,  this  meeting  is  the  culmination  of  a  fruitful  year  of  en¬ 
deavor  which  has  brought  the  academy  to  new  levels  of  usefulness  to  its 
members  and  influence  among  the  society  of  which  it  is  a  part, 

BE  IT  RESOLVED: 

7.  That  we  thank  the  officers,  the  members  of  council,  the  com¬ 
mittee  members  and  their  respective  chairman  for  this  fruitful 
and  unselfish  service  to  the  academy,  rewarded  only  by  this  rec¬ 
ognition  of  a  job  exceedingly  well  done,  particular  notice  being 
taken  of  the  retirement  of  Mr.  Russell  Rowlett  from  the  post  of 
secretary  and  publicity  director,  a  post  which  he  has  filled  with 
distinction  for  a  number  of  years. 

8.  That  we  voice  our  deep  sense  of  gratitude  to  President  Roscoe 
Hughes,  for  his  vigorous  leadership  and  devotion  to  the  highest 
principles  of  the  Academy. 

9.  That  Mr.  Rodney  Berry  be  accorded  our  accolade  for  his  exem¬ 
plary  conduct  in  the  discharge  of  his  office,  who  in  sickness  as 
in  health  has  maintained  the  highest  standards  of  performance, 
and  a  diligence  and  devotion  beyond  that  which  we  have  a  rea¬ 
sonable  right  to  expect. 

10.  That  we  recognize  the  professional  competence  and  dedicated 
service  which  Mr.  Paul  Siegel  and  his  associates  have  brought 
to  the  publication  of  the  Virginia  Journal  of  Science,  and 

WHEREAS,  the  Academy  has  lost  members  by  death  during  the  past 

year, 

BE  IT  RESOLVED, 

11.  That  we  note  with  deep  sorrow  the  loss  of  two  past  presidents, 
namely  William  Moseby  Brown  and  T.  McNeil  Simpson,  and  the 
following  members  —  H.  M.  Hildreth,  J.  Claggett  Jones  and 
Ashley  Robey,  and 

WHEREAS,  the  Academy  has  deemed  it  important  to  have  compiled 
and  preserved  an  accurate  record  of  its  history, 

BE  IT  RESOLVED, 

12.  That  our  gratitude  be  expressed  to  Miss  Isabel  Boggs,  who  has 
given  of  her  time  and  means  in  devoted  service  as  chairman  of 
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the  History  of  Science  in  Virginia  Committee  to  the  compilation 
of  the  history  of  the  Academy  and  to  the  establishment  of  the 
archives  now  housed  at  the  Virginia  Institute  for  Scientific  Re¬ 
search,  and 

WHEREAS,  the  Virginia  Junior  Academy  of  Science  celebrates  its 
twenty-fifth  anniversary  on  this  occasion,  having  provided  a  quarter-century 
of  service  to  the  Commonwealth  of  Virginia  by  identifying,  stimulating 
and  nurturing  the  scientifically  inclined  youth  of  our  citizenry, 

BE  IT  RESOLVED, 

13.  That  we  convey  our  felicitations  to  our  young  proteges,  that 
we  congratulate  them  on  the  signal  honors  which  they  have  richly 
earned,  that  we  acknowledge  the  debt  we  owe  to  Dr.  E.  L.  Wis- 
man,  present  director,  and  to  the  dedicated  teachers  and  inspiring 
leaders  of  the  Junior  Academy,  past  and  present,  and  that  we 
thank  the  speakers,  Dr.  Walter  Brown  and  Dr.  C.  W.  Gottschalk, 
two  of  Virginia's  distinguished  scientists,  aptly  chosen  for  this 
anniversary  occasion  because  they  were  the  earliest  members  of 
the  Junior  Academy  to  be  identified  for  their  scientific  talents 
and  promise,  and 

WHEREAS,  the  Academy  wishes  to  take  official  cognizance  of  those 
matters  and  make  them  a  matter  of  public  record, 

BE  IT  RESOLVED, 

14.  That  the  matters  of  the  Academv,  in  its  annual  assembly  endorse 
these  sentiments  and  instruct  the  secretary  to  enter  a  copy  of 
these  resolutions  upon  the  permanent  records  of  our  proceedings. 

A  motion  to  adopt  these  resolutions  was  made,  seconded  and  passed. 

President  Hughes  recognized  the  following  persons  and  thanked  them 
for  their  efforts  on  behalf  of  the  Academy: 

1.  Dr.  Raymond  Y.  Taylor,  AAAS 

2.  Col.  S.  M.  Heflin,  Visiting  Scientists  Program 

3.  Prof.  E.  V.  Russell,  Jr.,  Science  Talent  Search 

4.  Dr.  E.  L.  Wisman,  VJAS 

5.  Dr.  Paul  B.  Siegel,  Virginia  Journal  Editor 

6.  Dr.  Russell  J.  Rowlett,  Jr.,  Retiring  Secretary 

7.  Mr.  Rodney  Berry,  Executive  Secretary 

Foley  F.  Smith  reported  for  the  Nominating  Committee  and  announc- 


226  The  Virginia  Journal  of  Science  [September 

ed  the  election  for  a  three  year  term  of  four  new  Councilors  from  the 
Sections  as  follows: 

Chemistry  —  Dr.  Warren  Weaver,  Medical  College  of  Virginia 

Biology  —  Dr.  Mitchell  A.  Byrd,  College  of  William  and  Mary 

Microbiology  —  Dr.  P.  Arne  Hansen,  University  of  Maryland 

Engineering  —  Mr.  Auzville  Jackson,  Robert  Shaw-Fulton  Controls 
Co.,  Richmond 

He  also  presented  the  following  Nominations  for  1965-66: 

President:  Dr.  Stanley  B.  Williams 

President-Elect:  Dr.  James  W.  Cole,  Jr. 

Secretary:  Dr.  D.  Rae  Carpenter,  Jr. 

Treasurer:  Dr.  Maurice  B.  Rowe 

President  Hughes  called  for  nominations  from  the  floor  and  none  were 
made.  A  motion  to  declare  the  slate  elected  was  made,  seconded,  and 
passed. 

Dr.  Hughes  expressed  his  appreciation  for  the  support  of  the  Academy 
members  and  presented  the  gavel  to  Dr.  Williams. 

The  meeting  was  adjourned  at  10:30  p.m. 

MINUTES  OF  COUNCIL  MEETING 
As  Edited  for  Journal  Publication 
VIRGINIA  ACADEMY  OF  SCIENCE 

BELLE  MEADE  RESTAURANT,  HARRISONBURG,  VIRGINIA 

May  7,  1966 

President  Williams  called  the  meeting  to  order  at  8:45  a.m.  The 
following  were  present:  L.  D.  Abbott,  Jr.,  R.  C.  Berrv,  D.  R.  Carpen¬ 
ter,  Jr.,  J.  W.  Cole,  Jr.,  J.  E.  Duberg,  J.  F.  Eckel,  W.  S.  Flory,  J.  C. 
Forbes.  P.  A.  Hansen,  E.  S.  Harlow,  B.  H.  Harshbarger,  W.  M.  Hinton, 
R.  D.  Hughes,  A.  Jackson,  N.  F.  Murphy,  S.  S.  Obenshain,  M.  B.  Rowe, 
E.  V.  Russell,  Jr.,  P.  B.  Siegel,  F.  F.  Smith,  R.  L.  Taylor  (Invited  AAAS 
representative),  W.  E.  Trout,  Jr.,  J.  W.  Midyette,  Jr.,  S.  B.  Williams, 
E.  L.  Wisman. 

It  was  announced  that  a  new  section  conducted  a  successful  program 
this  year  in  Space  Science  and  Technology.  Another  one  in  Materials 
Science  conducted  its  second  successful  program.  A  motion  was  made, 
seconded,  and  passed  that  the  section  on  Space  Science  and  Technology 
be  approved  by  Council  as  a  regular  section.  The  new  Councilor  for  this 
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section  is  James  B.  Eades  of  V.  P.  I.  John  E.  Duberg  was  present  in  his 
stead. 

It  was  also  moved,  seconded  and  passed  that  Materials  Science  be 
accepted  as  a  new  regular  section.  J.  F.  Eckel  is  the  new  Councilor  from 
this  section.  Both  of  these  council  representatives  will  serve  until  1968 
under  the  new  rotation  plan. 

COMMITTEE  REPORTS: 

Publications :  Chairman  Flory  reported  on  the  subject  of  selection 
of  a  new  Journal  Editor  and  explained  that  several  persons  were  under 
consideration  but,  for  lack  of  a  quorum,  the  Committee  had  not  been 
able  to  act  during  the  annual  meeting.  He  stated  the  Committee  would 
be  polled  for  a  final  selection.  It  was  then  moved,  seconded,  and  passed 
that  Council  authorize  the  Executive  Committee  to  approve  the  report  of 
the  Publications  Committee  when  it  was  presented. 

Chairman  Flory  also  stated  that  the  History  had  been  turned  over 
to  the  William  and  Mary  History  Department  which  will  direct  the  edit¬ 
ing  as  a  Masters  thesis.  Mr.  Joe  Staggers,  working  under  the  direction 
of  Professor  William  Abbott,  will  do  the  work.  Dr.  W.  G.  Guy  will  serve 
as  Advisor  from  the  Academy.  Much  of  the  work  will  be  done  this  sum¬ 
mer  with  completion  hoped  for  next  winter.  At  the  request  of  Dr.  Flory, 
it  was  moved,  seconded  and  passed,  that  up  to  $250  be  authorized  from 
funds  set  aside  for  this  publication  to  defray  certain  expected  editorial 
expenses. 

Council  unanimously  approved  an  expression  of  appreciation  to  Dr. 
Siegel  for  his  excellent  and  untiring  efforts  as  Journal  Editor.  Dr.  Harsh- 
barger  suggested  that  the  selection  of  the  Business  Manager  and  Auditor 
was  closely  associated  with  the  selection  of  the  Editor. 

Dr.  Cole  questioned  if  and  how  the  Journal  might  assist  in  the  dis¬ 
semination  of  information  under  the  new  State  Technical  Services  Pro¬ 
gram.  The  Secretary  offered  to  discuss  the  program  with  the  Editor. 

Mr.  Berry  announced  that  new  provisions  for  mailings  of  non-profit 
organizations  would  make  it  possible  to  send  items  at  1  lU  cents  each  instead 
of  5  cents. 

Dr.  Harlow  presented  a  report  for  the  Board  of  Trustees  recommend¬ 
ing  the  combination  into  one  account  at  First  and  Merchants  National  Bank 
of  the  Trust  Fund-Principal  Account  and  the  Special  Trust  Fund-Principal 
Account.  The  former  had  a  market  value  as  of  15  March  of  42,605.99 
with  annual  income  of  about  $1900.  The  latter  had  a  market  value  as 
of  15  March  of  7364.14  and  annual  income  of  about  $250.  It  was  fur¬ 
ther  recommended  the  responsibility  for  investment  of  these  funds  be 
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placed  with  the  Trustees  who  will  consult  with  the  bank.  They  would 
not  have  power  to  remove  any  of  these  funds.  It  was  explained  that  this 
action  would  have  the  effect  of  transferring  some  general  funds  in  the 
Special  Trust  Fund  account  for  use  as  research  funds  thereby  increasing 
the  amount  available  for  research  grants.  A  motion  for  approval  was 
made,  seconded  and  passed. 

No  other  committees  reported. 

President  Williams  noted  the  request  at  the  Academy  Conference 
for  greater  dissemination  of  news  and  Council  actions  and  stated  this 
would  be  a  topic  at  future  Council  meetings. 

Council  adjourned  at  10:10  a.m. 

Respectfully  submitted, 

D.  Rae  Carpenter,  Jr.,  Secretary 


QUARTERLY  REPORT  OF  THE  TREASURER  -  MAY  2,  1966 

From  the  records  furnished  by  Mr.  Rodney  C.  Berry,  Executive  Secre- 
tary-Treasuer,  the  following  report  of  the  status  of  the  finances  of  the 
Academy  as  of  3-31-66  is  furnished: 

General  Fund  Balance  1-1-66  . $13,273.46 

Receipts,  1-1-66  to  3-31-66  . $  5,261.60 

Disbursements  1-1-66  to  3-31-66*  $11,944.94 
*  Includes  $10,000  placed  in  Sav¬ 
ings  Account  until  needed  10,000.00  1,944.94 

Receipts  over  Disbursements  3,316.66 

General  Fund  Balance  3-31-66  . $16,590.12 

Approved  Budget  for  1966  $16,455.00 

Estimated  Income,  1966  $18,390.00 

Income  1-1-66  to  3-31-66  $  5,261.60 

Disbursed  toward  Budget  Items  ..$  1,944.94 

The  membership  of  the  Academv  as  of  3-31-66  was  1512,  which  is 
the  highest  in  the  history  of  the  Academy.  Also,  the  highest  percentage 
have  paid  dues  for  1966. 


Maurice  B.  Rowe,  Treasurer 
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REPORT  OF  THE  FINANCE  COMMITTEE 

The  meeting  of  the  Finance  Committee  was  held  at  the  2300  Club 
the  evening  of  February  21.  Mr.  Rodney  Berry,  Executive-Secretary, 
presented  a  very  detailed  and  excellently  prepared  report  which  was  eval¬ 
uated  by  the  Finance  Committee.  The  Committee  suggested  that  the 
Financial  report  should  show  the  total  expenditures  of  the  Academy  in¬ 
cluding  the  Junior  Academy  and  the  Visiting  Scientist  Program.  Mr. 
Berry  has  prepared  such  a  report  and  it  is  shown  in  detail  in  the  revised 
budget.  The  revised  budget  is  being  presented  to  the  Council  on  March 
20,  for  their  approval. 

The  comments  accompanying  this  report  are  those  prepared  by  the 
Executive  Secretary. 

Respectfully  submitted, 

Boyd  Harshbarger,  Chairman 
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1966  Expense  Budget  —  Virginia  Academy  of  Science  (Revised  3/5/66 
to  include  NSF  Grants  of  $7770  to  VJAS  and  $5035  to  Visiting  Science 
Program ) 


AAAS  Meeting  Expenses  . 

VAS  Meeting  Expenses  . 

Va.  Journal  of  Science  . 

Program  for  Annual  Meeting  . 

Honorarium— Exec.  Sec’y.-Treas. 

Clerical  and  other  office  expenses 
Printing;  addressograph  service 

and  Section  Exp.  . 

Stationery  and  supplies  . 

Postage,  P.  Post,  Express  . 

Telephone  . 

Audit  and  Tax  Service  . 

Miscellaneous  Expenses  . 

Publication  of  History  . 

Jr.  Acad,  of  Science  . 

Science  Talent  Search  . 

ECL  Miller  Award  . 

Contingency  Fund  . 

Visiting  Scientists  Program  . 34860 

$12210  $2225 

Expenses  from  General  Funds  . 

Expenses  from  funds  derived  by  gifts,  grants  or 

1  Advertising  . $ 

Subscriptions  (Inc.  $350  “Exchange”  of  Va.)  .... 
Extra  pages  based  on  1965  . 
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1800 

880 
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1450 
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375 
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380 
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195 

195 

655 

655 

275 

275 

1800 

1800 

27350 

42225 

420 

325 

10320 

725 

725 

50 

50 

400 

400 

175 

$1795  $16455 


other  sources 
600 
450 
150 


5035 

$32685 

$16455 

16230 


1200 

2NSF  Grant,  Va.  Jr.  Acad,  of  Science  1965-66  ....  7770 

3NSF  Grant,  Visiting  Science  Program  1965-66  ..  5035 

4Gifts  and  Grants  .  2225 


$16230 
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REVISED  BUDGET 
VIRGINIA  ACADEMY  OF  SCIENCE 
EXPENSE  BUDGET  1966 

Disbursed 


1965 

AAAS  Meetings,  Council  and  Conferences  .  494.00 

Annual  Meetings  Expenses  .  748.59 

Va.  Journal  of  Science  .  2600.00 

Va.  Journal  of  Science  Proceedings  .  500.00 

Va.  Journal  of  Science  Printing  Program  .  500.00 

Va.  Journal  of  Science  Sym.  Micro.  Biology  . 

Printing  Program  for  Annual  Meeting 

Honorarium  Exec.  Secy.-Treas  . .  1200.00 

Clerical  and  other  office  expenses  .  630.10 

Printing,  Addressograph  Service  &  Sec.  Exp .  1181.10 

Stationery  and  Supplies  .  304.00 

Journal  Income  . 

Postage  and  P.  Post  .  329.16 

Telephone  .  151.19 

Audit  and  Tax  Service  .  655.20 

Misc.  General  Expenses  .  248.75 

Publication  of  History  . 

Jr.  Acad,  of  Science  (gifts  2645  +  325+7350)  ...  1715.00 

Science  Talent  Search  .  684.68 

E.  C.  L.  Miller  Award  .  50.00 

Correcting  Accounting  error  by  bank  .  339.00 

Contingency  Fund  . 

Visiting  Science  Program  (NSF  Grant)  . 


12330.77 


Suggested 

1966 

295.00 

950.00 

4400.00 

500.00 

500.00 

500.00 

1800.00 

880.00 

1450.00 

375.00 

1200.00 

380.00 

195.00 

655.00 

275.00 

1800.00 

10320.00 

725.00 

50.00 

400.00 

5035.00 

32685.00 
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VIRGINIA  ACADEMY  OF  SCIENCE 
BUDGET  INCOME  -  GENERAL  FUND  1966 

Income  Estimate 

1965  1966 


Dues: 


Regular  $5.00  . 

1086 

3257 

1315 

6575 

Student  $2.00  . 

41 

82 

40 

80 

Contingency  $10.00  . 

.  186 

931 

136 

1360 

Sustaining  $25.00  . 

65 

650 

25 

625 

Sustaining  $100.00  . 

.  2 

200 

4 

400 

1380 

5120 

1520 

9040 

Business  Members  . 

.  21 

2150 

30 

3000 

1401 

7270 

1550 

12040 

Delinquent  Dues  . 

.  24 

76 

5 

15 

Total  Membership  Dues 

7346 

12055 

Exhibit  Space  Fees  . 

.  23 

1725 

20 

1500 

Registration  Fees:  . 

1256.25 

1065 

Students  $1.00x95=$95. 
Members  $2.00x370=740. 
Non-Members  $3.00x45=135. 
Jr.  Acad.  25cx380=95 
Gifts  and  Grants: 


Sr.  Academy  use  .  3 

150 

2  100 

Junior  Acad.  $1,000, $300  + 

$875+ $50+7350+420  2 

1300 

9995 

Other  Income 

Contribution  VISR  Bldg. 

Fund  . 

252 

Special  Trust  Fund  . 

260.50 

265 

Stock  Dividends  . 

105.40 

105 

Interest,  short  term  Sav¬ 
ing  Account  . 

235 

Overhead  NSF  Grant  . 

405.81 

420 

Visiting  Science  Program, 

NSF  Grant  . 

5035 

Income  to  Journal  of  Science 

1200 

Budget  Items  (1965  Estimate 

$12,800)  .  12,800.96  31,975 

Misc.  Revenue  —  books  sale  .  28.50 


12,829.46 
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I  believe  the  enclosed  form  of  Budget  Expenses,  showing  the  source 
of  all  funds,  will  give  your  committee  a  clear  picture  of  the  expenses, 
and  I  think  that  the  sheet  I  prepared  on  estimated  income  was  clear  to 
all  members  of  the  committee. 


At  the  present  time  the  following  procedures  are  in  effect  and  I 
believe  sound. 


NSF  GRANTS 


Funds  from  the  NSF  are  received  by  the  treasurer  and  deposited  in 
separate  bank  accounts  (separate  banks).  I  pay  vouchers  approved  by 
the  Directors,  provided  they  are  in  accord  with  the  provision  of  the  grant. 
Federal  taxes  are  withheld  and  reported  quarterly.  A  report  is  submit¬ 
ted  quarterly  and  a  final  report  is  submitted  at  the  end  of  the  grant  period 
(this  report  is  signed  by  the  Director  and  VAS  Treasurer).  Both  the 
treasurer  and  the  Executive  Secretary-Treasuer  are  bonded  and  all  N.A.S. 
records  are  subject  to  Federal  auditors.  The  overhead  from  the  NSF 
Grant  account  is  transferred  by  check  to  the  General  Fund  Account.  My 
records  are  reviewed  by  the  Treasurer  (M.  B.  Rowe)  and  reported  to  the 
NSF  quarterly  and  at  the  conclusion  of  the  grant.  My  records  are  not 
audited  by  a  CPA  but  are  subject  to  Federal  audit.  Both  the  Treasurer 
and  the  Executive  Secretary-Treasurer  are  bonded.  The  NSF  has  not 
required  a  Certified  Audit  and  I  do  not  think  that  such  audit  is  neces¬ 
sary  or  a  justified  expense. 

It  is  not  feasible  to  commingle  the  NSF  Grant  Funds  with  the  Gen¬ 
eral  Funds  of  the  Academy,  as  the  VAS  operates  on  a  calendar  year  while 
the  NSF  Grants  are  for  irregular  periods  of  time.  I  can  furnish  you  copies 
of  the  annual  reports  similar  to  the  one  I  sent  to  you  recently  on  Grant 
G.E.  4281  which  covered  the  period  10/1/60—9/30/65. 


AUDIT  YEAR  1965 

My  records  of  Cash  Received  on  Disbursed  and  Bank  Statements  and 
Members  Records  were  found  to  be  in  order  by  the  auditor.  The  pencil 
notes  explain  differences  between  my  reports  to  your  committee  on  January 
5,  1966,  and  the  Audit  Report.  I  included  offset  or  wash-out  items. 
The  audit  also  changed  three  items  of  expense  to  other  headings.  I  had 
followed  the  code  which  he  gave  in  January  1965.  The  totals  are  correct. 

On  my  recommendation  the  Executive  Committee  authorized  me  to 
place  funds,  not  currently  needed,  in  a  Savings  Account.  This  was  done 
in  January.  I  estimate  that  this  will  yield  about  $235  (see  budget  item). 

Our  members  roll  as  of  today  is  1481  and  growing.  We  have  five 
bank  accounts: 
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General  funds  —  First  Merchants  Natl.  Bank 
Research  Funds  —  First  Merchants  Natl.  Bank 
VJAS  Grant  NSF  —  State  Planters 
Vis.  Scientists  NSF  —  State  Planters 
Savings  Account  —  Bank  of  Virginia. 

Trust  Funds  —  First  Merchants  Natl.  Bank. 

President  Hughes  has  asked  the  Trustees  to  make  a  study  of  our 
Research  and  other  Trust  Funds  and  report  to  the  Council.  The  Trust 
Fund  Contracts  needs  to  be  brought  up  to  date. 

REPORT  OF  THE  JOURNAL 
FINANCIAL  STATEMENT 
VIRGINIA  JOURNAL  OF  SCIENCE 
FOR  THE  YEAR  ENDED  DECEMBER  31,  1965 

RECEIPTS 

Academy  Subsidy 

Members  $2600.00 

Proceedings  1000.00 

Advertising  .  680.00 

Subscriptions  .  77.55 

Back  issues  .  18.00 

Extra  pages  .  1382.25 


Total  Receipts  .  $5757.80 

EXPENDITURES 

Printing  and  postage  .  $5144.44 

Envelopes  .  172.10 

Stamps  .  75.00 

Letterhead  .  19.00 

Addressing  Envelopes  .  45.90 


$5456.44 

STATEMENT  OF  CASH  ACCOUNT 

Balance  Jan.  .1,  1965  $1710.86 

Receipts  for  year  .  5757.80 


Jan.  1  Balance  and  Receipts  .  $7468.66 

Expenses  for  year  .  5456.44 


Balance  Dec.  31,  1965  .  $2012.22 

C.  W.  Allen,  Managing  Editor 
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REPORT  OF  THE  BUSINESS  ADVISORY  COMMITTEE 

The  Business  Advisory  Committee  held  two  meetings  during  the  year 
to  formulate  strategy  and  plans  for  extending  membership  in  the  Virginia 
Academy  of  Science  more  widely  through  Virginia’s  industry.  As  a  result 
of  this,  over  50  businesses  operating  in  Virginia  have  been  contacted  to 
explain  the  role  of  the  Academy,  and  invitations  for  membership  were 
extended.  From  those  contacted,  ten  new  business  members  have  joined. 
These  are: 

Abbott,  Proctor  &  Paine 

American  Machine  &  Foundry  Company 

Burlington  Industries,  Inc. 

The  Central  National  Bank 
General  Electric  Company 
Lawyers  Title  Insurance  Company 
Shenandoah  Life  Insurance  Company 
Southern  Bank  &  Trust  Company 
Southern  Railway  System 
J.  C.  Wheat  &  Company 

In  addition  to  these  new  members,  20  old  members  have  retained 
their  membership  for  a  total  of  30  active  business  members.  During 
the  year,  three  past  members  allowed  their  membership  to  expire.  These 
are: 


Atlantic  Instrument  Company 

Babcock  &  Wilcox  Company  (Atomic  Energy  Division) 
Southern  Materials  Co.,  Inc. 

A  classification  of  the  present  business  members  is: 


Chemicals  6 

Banks  5 

Tobacco  3 

Brokerage  Firms  2 

Insurance  2 

Paper  2 

Textiles  2 

Railroads  2 

Other  6 


Efforts  to  enroll  additional  members  are  continuing. 

William  P.  Boyer,  Chairman 
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REPORT  OF  COMMITTEE  ON  RESEARCH 
1.  RESEARCH  GRANTS 

Grants  in  the  total  amount  of  $1640  were  made  in  the  period  July 

1,  1965  to  May  1,  1966: 

Garnett  R.  Brooks,  Department  of  Biology,  College  of  William  and 
Mary,  $250. 

W.  M.  Reams,  Jr.,  Laboratories  of  Biology,  University  of  Richmond, 
$300. 

Lowell  V.  Heisey,  Department  of  Chemistry,  Bridgewater  College, 
$240. 

Philip  C.  Lee,  Department  of  Biology,  Roanoke  College,  $600. 

Darnel  L.  Sonenshine,  Department  of  Biology,  Old  Dominion  Col¬ 
lege,  $250. 

There  were  six  additional  inquiries,  two  of  which  led  to  requests 
for  grants.  The  later,  in  the  total  amount  of  $292.50,  was  refused  by 
the  Committee. 

2.  HORSLEY  AWARD 

A  vigorous  attempt  was  made  to  bring  the  Horsley  Award  Competi¬ 
tion  to  the  attention  of  all  members  of  the  Academy.  In  addition  to  the 
page  announcement  appearing  in  the  January  1966  issue  of  the  Virginia 
Journal  of  Science  and  the  notices  enclosed  with  the  letters  sent  to  mem¬ 
bers  by  the  Officers  and  Section  Secretaries,  each  author  who  entered 
the  1965  competition  was  thanked  for  his  participation  and  invited  to 
try  again.  Also  twenty-three  Virginia  colleges  were  notified,  and  the 
presidents  and  heads  of  departments  of  VPI  and  the  University  were 
asked  to  bring  the  Competition  to  the  attention  of  their  research  staffs. 
Nevertheless,  the  response  was  not  as  good  as  in  1965.  There  were  six¬ 
teen  entries  distributed  as  follows:  Statistics  2,  Chemistry  4,  Agriculture 
2,  Biology  2,  Medical  Science  4,  Physics  2.  A  panel  of  twelve  scientists 
of  the  Washington,  D.  C.,  Academy  of  Science  volunteered  to  make  a 
preliminary  evaluation  of  the  papers.  The  VAS  Research  Committee 
acknowledges  with  gratitude  this  assistance  in  making  the  final  selection. 
There  is  a  requirement  that  papers  entered  in  the  Horsley  Award  Com¬ 
petition  must  be  presented  at  the  Annual  Meeting.  The  Research  Com- 
mitte  believes  that  this  is  good,  and  recommends  that  future  announce¬ 
ments  mention  specifically  that  papers  read  by  title  only  will  not  be 
eligible  for  the  Horsley  Award. 


E.  C.  Stevenson,  Chairman 
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REPORT  OF  THE  VJAS  COMMITTEE 
VJAS  COMMITTEE  REPORT  TO  VAS  CONFERENCE 
Thursday,  May  5,  1966,  8:30  P.M. 

Blackwell  Auditorium ,  Madison  College 
Harrisonburg,  Virginia 


VJAS  activities  today  are  culminating  a  highly  successful  1965-66 
VJAS  program,  one  which  benefits  the  observance  of  the  VJAS’  25th 
anniversary  this  year. 

The  growth  and  development  of  the  VJAS  during  the  year  have 
been  evidenced  in  many  ways.  The  total  number  of  affiliated  schools 
for  the  year  was  124  which,  compared  with  the  80  last  year,  is  a  healthy 
55%  increase.  The  number  of  students  and  teachers  rose  from  2566 
and  137  to  4110  and  218,  respectively. 

Although  the  number  of  papers  submitted  for  this  year’s  competition 
was  no  greater,  there  appeared  to  be  an  improvement  in  quality.  Much 
of  this  improvement  in  research  projects  is  undoubtedly  due  to  the  increas¬ 
ing  support  being  made  available  to  students  through  federal  and  college- 
sponsored  training  programs  and  to  the  encouragement  by  local  commu¬ 
nity  and  industrial  groups. 

Three  significant  publications  were  made  during  the  year.  One  was 
the  third  volume  of  the  Proceedings  which  contains  the  first-place  papers 
at  the  1965  meeting  and  abstracts  of  other  winning  papers.  Two  issues 
of  the  Junior  Science  Bulletin  were  published  compared  to  only  one  issue 
last  year.  Finally,  the  revised  VJAS  Handbook  was  printed  last  fall.  The 
cost  of  all  VJAS  publications  and  their  distribution  approximated  $1900. 

The  major  portion  of  the  $11,000  Junior  Academy  budget  was  financ¬ 
ed  by  a  grant  from  the  National  Science  Foundation.  Although  the 
amount  of  the  grant  has  been  reduced,  continued  NSF  financial  support 
has  been  approved  for  next  year  (1966-67)  plus  a  committment  for  the 
following  year  (1967-68).  The  remainder  of  the  budget  was  financed 
through  substantial  gifts  from  the  Philip  Morris  Company,  the  American 
Tobacco  Company,  and  the  Newport  News  Daily  Press,  and  through  the 
VAS  appropriation. 

The  ten  first  place  junior  papers  were  again  presented  before  the 
senior  sections  at  the  Richmond  Meeting  and  from  all  reports  were  again 
well  received.  The  VJAS  was  again  represented  before  the  senior  sec¬ 
tions  at  the  Richmond  Meeting  and  from  all  reports  were  again  well  re- 
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ceived.  The  VJAS  was  again  represented  by  two  students  at  the  AAAS 
Meeting  which  was  held  this  year  at  Berkeley,  California.  Each  student, 
Earlene  Mitchell  of  William  Byrd  High  School,  Vinton,  and  Aubry 
Strode,  Jr.  of  Liberty  High  School,  Bedford,  presented  a  research  paper. 
In  the  opinions  of  your  Executive  Secretary-Treasurer  and  yours  truly, 
who  accompanied  the  students,  the  two  presentations  were  among  the  top 
four  of  the  fifteen  on  the  program. 

The  Chairman  wishes  to  thank  all  seventeen  members  of  the  VJAS 
Committee  for  their  excellent  service  and  cooperation  during  the  year. 
Appreciation  is  also  extended  to  members  of  the  VAS,  especially  its  offi¬ 
cers,  for  their  invaluable  support.  Without  the  support  of  all  of  these 
people,  the  success  of  the  VJAS  program  could  not  have  been  possible. 

E.  L.  Wisman,  Chairman 

COMMITTEE  OF  VIRGINIA  FLORA 

The  Committee  on  the  Virginia  Flora  has  continued,  as  it  has  in  the 
past,  to  steadily  increase  the  knowledge  of  the  flora  of  the  state  of  Vir¬ 
ginia.  Additional  accomplishments  and  contributions  during  the  past 
year  have  come  about  primarily  by  collections  by  various  members  of 
the  committee.  These  collections  have  been  and  are  being  deposited 
in  various  herbaria  within  Virginia.  To  a  large  extent  work  begun  last 
summer  is  incomplete  and  publication  of  such  studies  is  not  desirable  at 
this  time.  However,  specific  publications  by  Dr.  A.  M.  Harvill,  Long- 
wood  College  have  been  forthcoming.  Dr.  Harvill  has  been  concerned 
primarily  with  the  vegetation  of  the  coastal  marshes  of  Virginia,  and  his 
work  has  resulted  in  the  publication  of  the  following  articles: 

1)  Plants  from  the  Peninsual  of  Virginia,  in  the  Virginia  Journal  Of 
Science 

2)  The  mountain  element  in  the  flora  of  the  Peninsula  of  Virginia, 
in  Rhodora 

3)  The  vegetation  of  Parramore  island,  Virginia,  in  Castanea. 

A  few  additional  comments  concerning  the  Virginia  Flora  Commit¬ 
tee  are  perhaps  appropriate  at  this  time.  If  one  examines  the  history  of 
the  activites  of  the  committee,  one  is  impressed  by  the  accomplishments 
of  its  members  over  the  years.  However,  it  appears  that,  to  a  large  extent, 
members  have  worked  mostly  on  an  individual  basis,  and  there  is  at  least 
some  room  for  a  more  organized  total  effort  on  the  part  of  the  commit¬ 
tee.  With  this  in  mind  it  is  planned  that  in  a  meeting  of  this  committee 
in  conjunction  with  this  Academy  meeting  and  in  a  series  of  meetings  to 
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extend  into  next  year  to  do  some  very  serious  evaluation  and  re-evalua¬ 
tion  of  the  role  and  place  of  the  Virginia  Flora  Committee  within  the 
Academy  and  within  the  State  of  Virginia.  The  following  items  will 
be  among  the  major  ones  to  be  discussed: 

1)  A  re-evaluation  of  the  purpose  and  function  of  the  Virginia  Flora 
committee  and  a  “re-organization”  within  the  committee  to  the  extent 
we  feel  it  may  be  necessary  in  order  to  fulfill  these  purposes. 

2)  A  discussion  of  what  types  and  what  specific  projects  in  which 
we  should  engage  and  support.  —  (At  least  one  pending  possibility  is 
the  co-operation  of  the  committee  with  a  project  centered  at  the  Univer¬ 
sity  of  North  Carolina  on  the  Flora  of  the  Southern  Appalachian  High¬ 
lands  and  also  the  cooperation  of  the  committee  on  a  Flora  of  the  South¬ 
eastern  United  States  which  is  also  centered  and  the  University  of  North 
Carolina.  It  is  obvious  that  co-operation  on  these  large  projects  will 
be  of  mutual  benefit  to  all  concerned,  especially  to  the  stare  of  Virginia, 
and  the  committee  hopes  to  exploit  this  possibility  to  the  fullest.) 

3)  A  discussion  of  some  ways  and  means  of  obtaining  funds  and 
support  for  really  active  and  major  floristic  and  botanical  work  within 
the  state  of  Virginia. 


THE  VIRGINIA  HIGH  SCHOOL  VISITING  SCIENTISTS 
PROGRAM 

The  Visiting  Scientists  Program  for  secondary  schools  in  Virginia, 
which  is  sponsored  by  the  Virginia  Academy  of  Science,  and  financed  by 
the  National  Science  Foundation,  includes  the  disciplines  of  Biology,  Chem¬ 
istry,  Earth  Science,  Mathematics  and  Physics,  and  the  total  budget  is 
$5,035.00,  and  a  total  of  60  visits  are  provided  for. 

I  have  arranged  for  73  visits  and  only  two  have  been  cancelled. 
Reports  on  53  visits  have  been  made  and  others  are  being  made  almost 
daily  during  this  period.  Several  visits  were  postponed  due  to  the  snow 
fall  during  the  winter.  Most  of  the  reports  from  the  schools  and  the 
visitors  have  been  very  favorable  and  it  appears  that  this  program  is  most 
beneficial  to  our  high  schools. 

The  program  has  been  approved  by  NSF  for  next  year  and  the  bud¬ 
get  has  been  set  at  $4770.00.  It  is  estimated  that  the  budget  will  pro¬ 
vide  for  60  one-day  visits.  I  am  planning  to  serve  as  the  Director  again 
if  it  be  the  will  of  the  VAS  and  circumstances  permit  me  to  do  so. 

S.  M.  Heflin,  Director 
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SECTION  OF  AGRICULTURAL  SCIENCE 

RESISTANCE  TO  THE  SOUTHERN  CORN  ROOTWORM 
IN  PEANUTS 

Morris  W.  Alexander  and  J.  C.  Smith 
Virginia  Agricultural  Experiment  Station,  Holland 

The  larval  stage  of  the  southern  corn  rootworm,  Diabrotica  undecim- 
punctata  howardi,  (Barber)  is  the  most  destructive  soil  inhabiting  insect 
pest  of  peanuts  in  southeastern  Virginia.  Differential  reaction  to  root- 
worm  was  first  reported  in  1950.  Spanish  and  Valencia  lines  as  a  group 
have  been  found  to  be  more  resistant  than  the  Virginia  type  and  several 
lines  show  a  high  degree  of  resistance.  One  highly  resistant  Spanish  line, 
P.  I.  262-048  has  been  crossed  with  2  Virginia  type  cultivars  to  transfer 
resistance  to  the  Virginia  type  and  to  determine  if  resistance  can  be  trans¬ 
mitted  readily  by  hybridization.  F1  plants  were  more  resistant  than  the 
susceptible  parents  but  not  as  resistant  as  the  resistant  parent.  A  range 
of  reaction  to  the  rootworm  was  noted  in  the  F2  generation.  Progeny  of 
F2  plants  resistant  and  susceptible  were  evaluated  in  1965  and  those  of 
F2  plants  classified  as  resistant  in  1964  were  (as  a  family)  resistant  in 
1965.  With  2  exceptions  progeny  of  those  F2  families  classified  as  sus¬ 
ceptible  in  1964  were  susceptible  in  1965.  The  nature  of  the  apparent 
resistance  is  not  known.  A  correlation  test  of  percent  injured  fruit  and 
percent  mature  fruit  gave  a  significant  r  value  with  only  1  family. 


TESTS  OF  INSECTICIDES  FOR  CONTROL  OF  THE 
LESSER  PEACH  TREE  BORER 
Marvin  L.  Bobb 

Virginia  Agricultural  Experiment  Station,  Charlottesville 

The  lesser  peach  tree  borer,  Synanthedon  pictipes  (G.  &  R.),  has 
increased  in  importance  as  a  pest  of  peach  trees  in  the  southeastern  peach 
area  during  recent  years.  Thirteen  insecticides  were  tested  in  replicated 
field  plots  in  Virginia  from  1961  through  1965.  Two  sprays  were  ap¬ 
plied  each  year  during  the  emergence  of  the  adults  from  overwintering 
larvae.  The  first  application  was  made  when  approximately  15%  of  the 
moths  had  emerged,  and  the  second  application  was  made  three  weeks 
later.  Endosulfan,  parathion  and  endrin  were  most  effective  in  reduc¬ 
ing  the  borer  population  in  the  trees.  Two  applications  gave  satisfactory 
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control  of  both  the  first  and  second  generations.  Zectran,  carbaryl  and 
Imidan  gave  good  first  generation  control  but  a  heavy  second  generation 
infestation  developed  in  the  trees  in  late  summer.  Data  from  the  1965 
tests  indicated  that  one  spray  applied  at  a  high  dosage  rate  before  the 
adults  begin  to  emerge  may  be  as  effective  as  two  applications. 


MICROANATOMY  AND  ELECTRORETINOGRAPHY  OF  THE 
TOBACCO  HORNWORM  MOTH  EYE  AND  OPTIC  TRACT 

S.  D.  Carlson,  Virginia  Polytechnic  Institute;  J.  S.  Smith,  Jr.,  J.  M.  Stanley, 
USDA-ARS,  and  U.  F.  Earp,  Virginia  Polytechnic  Institute 

Frontal  and  transverse  sections  were  prepared  from  the  compound 
eye  and  optic  tract  of  the  tobacco  hornworm  moth  ( Manduca  sexta  (Jo¬ 
hann.  ) ) .  These  revealed  a  superposition  eye  of  the  eucone  type.  Un¬ 
usual  histological  features  were  a  sizable  reflectile  tapetum  and  a  fenes¬ 
trate  fibrous  perilemma  overlying  the  first  optic  neuropile.  The  tapetum 
consisted  of  layered  tracheae  immediately  below  the  basement  membrane. 
This  appeared  to  be  more  developed  in  the  periphery  of  the  eye  and  may 
have  a  functional  significance.  Dark  adaptation  of  the  moth  eye  is  com¬ 
plete  after  50  to  60  minutes  and  progresses  in  two  phases  indicative  of 
photochemical  and  photomechanical  events.  All  four  component  waves 
of  the  electroretinogram  (ERG)  are  present  in  the  dark  adapted  eye. 
The  retinal  potential  ( c  wave)  of  the  male  is  nearly  twice  as  large  as 
that  of  the  female  over  a  constant  energy  spectrum  from  3000  to  6500A. 
Action  spectra  indicate  three  maxima:  at  3800,  5000,  and  5500A.  Ultra¬ 
violet  wavelengths  as  short  as  2800A  elicit  postsynaptic  portions  of  the 
ERG,  however,  the  retinal  cells  are  not  stimulated  to  observable  activity 
until  3100A.  These  effects  are  produced  by  monochromatic  light  of 
defined,  low  intensity.  The  use  of  these  data  in  developing  more  effi¬ 
cient  insect  trapping  devices  was  discussed. 


PRELIMINARY  STUDIES  ON  THE  CHROMOSOMES  OF  THE 
GERMAN  COCKROACH,  BLATTELLA  GERMANIC  A  (L.) 

Donald  G.  Cochran 
Virginia  Polytechnic  Institute 


Cytogenetic  studies  on  the  German  cockroach  have  recently  been 
initiated.  It  was  found  that  cells  from  embryonic  tissues  are  suitable 
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for  examination.  Thus  far,  unstained  wet  mounts  have  proven  most  use¬ 
ful  for  viewing  through  the  phase-contrast  microscope.  Cells  in  various 
stages  of  mitosis  are  common  in  these  preparations.  Cells  in  late  pro¬ 
phase  or  early  metaphase  show  clearly  chromosome  number,  chromosome 
size  and  shape,  position  of  the  centromeres,  and  individual  chromatids. 
The  diploid  number  of  23,  presumably  from  male  tissue,  has  been  con¬ 
firmed.  Other  cells  with  a  chromosome  number  of  24  were  found,  and 
probably  represent  female  tissue  (The  Y  chromosome  is  reported  to  be 
absent  from  males  of  this  species).  Deviations  from  these  numbers 
were  not  found.  Where  individual  chromatids  are  visible  they  tend  to 
stick  together  at  their  ends  as  well  as  at  the  centromere.  Occasionally, 
two  internal  points  of  attachment  occur  giving  chromosomes  the  appear¬ 
ance  of  having  two  centromeres.  In  some  instances  tentative  pairings 
of  homologous  chromosomes  were  possible.  From  these  results  and  the 
paucity  of  literature  in  this  area  it  is  evident  that  only  the  beginnings 
of  cytogenetic  knowledge  exist  for  this  species.  Future  studies  may  alter 
this  situation,  and  hopefully  correlations  between  the  genetic  and  cyto¬ 
genetic  work  may  be  possible. 


TECHNIQUES  OF  PLANT  GNOTOBIOLOGY  USED  IN  PHYTO- 
PATHOLOGICAL  AND  PHYSIOLOGICAL  INVESTIGATIONS 

AT  VPI 

Claude  Fordyce,  Jr.  and  Maynard  Hall 
Virginia  Polytechnic  Institute 

Gnotobiotic  research  involving  whole  plants  and  their  interactions  with 
other  organism  is  relatively  new.  At  VPI  two  systems  of  culturing  plants 
in  gnotobiotic  conditions  are  used.  Chambers  of  plexiglass  with  rubber 
glove  ports  are  sterilized  with  peracetic  acid.  Aseptic  plants  and  sterile 
euipment  are  introduced  through  special  entrance  ports.  The  chambers 
and  their  contents  remain  sealed  as  long  as  six  months.  Aeration  occurs 
through  special  sterilizing  filters  and  temperature  is  maintained  within 
suitable  range  by  shading  and  water  filters.  In  the  second  system,  the 
aseptic  plant  is  sealed  around  the  stem  with  a  synthetic  rubber  compound 
so  that  only  the  sterile  root  system  is  sealed  into  the  chamber.  Nutrient 
solution  is  pumped  over  the  roots  and  aliquots  collected  for  analysis  and 
bioassay.  Studies  involving  nematodes,  root  colonization  by  fungus  patho¬ 
gens,  factors  affecting  root  secretion  and  leakage,  and  biotic  interactions 
are  underway.  Some  preliminary  data  is  given. 
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THE  DEVELOPMENT  AND  SELECTION  OF  PRODUCTIVE  Sj 
INBRED  LINES  OF  CORN 
C.  F.  Genter  and  M.  W.  Alexander 
Virginia  Polytechnic  Institute 

Recurrent  selection  based  on  S1  progeny  yield  in  corn  was  carried 
through  two  complete  cycles.  Yields  of  S2  lines  increased  an  average 
of  1000  pounds  per  acre,  and  some  S±  lines  from  the  second  cycle  syn¬ 
thetic  were  more  productive  than  the  original  crossbred  source.  Yields 
of  Sx  lines  were  positively  correlated  with  yields  of  their  testcrosses.  In 
the  original  population  of  153  Sx  lines,  the  correlation  was  .61,  with  6 
of  the  lines  among  the  best  10  in  both  inbred  and  testcross  yield.  In 
our  visual  selection  nursery,  selections  were  made  most  frequently  from 
families  that  had  been  derived  from  high  yielding  Sx  lines.  After  3  gen¬ 
erations  of  selection,  only  10  of  an  original  99  Sx  lines  were  still  repre¬ 
sented.  Nine  of  the  10  were  above  average  in  Sx  yield,  and  2  of  the 
9  were  also  high  in  combining  ability.  The  selection  of  Sx  progenies 
for  high  yield,  in  addition  to  visual  selection  for  other  desirable  traits, 
would  seem  to  offer  a  promising  method  of  early  generation  selection 
for  agronomically  desirable,  productive  and  high-combining  inbred  lines 
of  corn. 

BORON  DEFICIENCY  (HOLLOW  HEART)  IN  LARGE 
SEEDED  VIRGINIA  TYPE  PEANUTS 
D.  L.  Hallock 

Virginia  Agricultural  Experiment  Station,  Holland 

The  occurrence  in  Virginia  of  appreciable  B  deficiency  in  large  seeded 
Virginia  type  peanuts  was  noted  about  1957.  This  disorder  causes  dis¬ 
colorations  from  off-white  through  several  shades  of  yellow  to  brown  on 
the  interface  of  one  or  both  cotyledons.  An  unusually  large  hollow  space 
between  the  cotyledons  is  frequently  an  associated  characteristic.  A  sur¬ 
vey  of  75  farms  in  1959  indicated  an  average  loss  of  $10  -  $15  per  ton 
of  peanuts  where  this  type  of  damage  occurred.  Damage  up  to  20% 
of  the  fruit  and  individual  farm  losses  of  over  $2000  were  noted.  Hol¬ 
low-heart  has  occurred  principally  in  very  sandy  soil  and/or  under  con¬ 
ditions  of  rather  severe  drouth  which  reduce  B  availability.  Hollow- 
heart  was  reduced  from  8.0%  to  1.3%  and  0.3%  by  1  and  2  lb./A. 
elemental  B,  respectively,  broadcast  on  Norfolk  loamy  fine  sand  in  1963. 
Phytoxicity  occurred  at  both  B  rates  with  a  concurrent  yield  reduction 
of  265  lb./A.  from  the  2-lb.  rate. 
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THE  DETERMINATION  OF  COLLAGEN 
IN  TWO  BEEF  MUSCLES  FROM  THREE  AGE  GROUPS 

Chong  Won  Kim  and  S.  J.  Ritchey 
Virginia  Polytechnic  Institute 

Collagen  was  calculated  in  two  muscles,  Longissimus  dorsi  and  Biceps 
femoris,  from  three  age  groups,  veal,  baby  beef,  and  mature  animals, 
from  the  hydroxyproline  content  of  the  alkali-insoluble  autoclave-soluble 
fractions  of  each  muscle.  The  average  collagen  content  of  eight  different 
animals  in  each  age  group  was  highest  in  the  mature  beef  followed  by 
the  baby  beef  and  veal.  Collagen  was  higher  in  the  B.  femoris  muscle 
in  all  groups. 


PRELIMINARY  STUDIES  ON  THE  BEHAVIORAL  EFFECT 
OF  SONIC  ENERGY  ON  FLIES 

G.  A.  Kranzler,  U.  F.  Earp,  and  E.  T.  Swink, 

Virginia  Polytechnic  Institute 

A  research  facility  has  been  established  for  studying  the  response 
of  insects  to  sonic  energy.  A  test  environment  with  negligible  ambient 
noise  and  with  controlled  temperature  and  lighting  has  been  provided. 
Instrumentation  has  been  assembled  capable  of  generating  and  measuring 
sonic  energy  in  the  audio  and  low  ultrasonic  range  (100-100,000  Hz). 
Procedures  have  been  developed  for  exposing  insects  to  sonic  energy 
under  known  conditions  while  observing  behavioral  response.  Statistical 
methods  for  evaluating  experimental  results,  and  techniques  for  handling 
test  insects  have  been  evolved.  An  extensive  series  of  experiments  is 
in  progress  to  determine  the  behavioral  effect  of  sonic  energy  on  face 
flies  and  house  flies.  An  array  of  frequencies  is  being  explored  with 
sound  intensity  level  and  exposure  time  constant.  To  date,  no  statisti¬ 
cally  significant  behavioral  effects  have  been  observed  at  the  frequen¬ 
cies  investigated.  The  study  is  to  continue  at  unassayed  frequencies  and 
with  other  insects  of  agricultural  importance.  Continued  refinement  of 
instrumentation  and  experimental  technique  is  anticipated. 
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PREDRYING  AT  40°C.  TO  OVERCOME  DORMANCY 
IN  VIRGINIA  RUNNER  TYPE  PEANUT  SEED 

Ada  G.  McFarland  and  Harry  L.  Smith 
Virginia  Department  of  Agriculture 

A  high  percentage  of  dormancy  is  normally  present  in  Virginia  type 
peanut  seed  at  harvest  time  in  the  fall.  This  decreases  over  a  period 
of  several  months,  and  by  planting  time  the  following  spring  has  normally 
disappeared.  For  dormant  lots  to  be  tested  for  germination,  a  method 
of  overcoming  dormancy  is  necessary.  Such  a  method  might  also  be 
useful  to  plant  breeders  by  allowing  two  generations  a  year  to  be  grown. 
The  effect  of  predrying  at  40 °C.  in  overcoming  dormancy  in  varieties 
Florigiant,  Atkins  Runner,  and  Va.  56R  was  studied.  They  differed  in 
the  amount  of  initial  dormancy  present,  with  Florigiant  having  less  than 
the  other  two.  After  stack  drying  in  the  field  for  one  month,  predry¬ 
ing  at  40°C.  for  two  weeks  completely  overcame  dormancy  in  all  three 
varieties.  When  the  stack  drying  period  was  eliminated,  there  was  a 
small  amount  of  dormancy,  4%  and  1%  respectively,  still  remaining  in 
the  two  most  dormant  varieites,  Atkins  Runner  and  Va.  56R.  Seed  of 
the  three  varieties  was  germinated  over  a  period  of  six  months  without 
pretreatment  to  check  their  natural  progress  in  coming  out  of  dormancy. 
Testing  was  begun  in  November  and  dormancy  had  disappeared  by  April. 


DEVELOPMENT  OF  THE  VIRGINIA  2  POPULATION  OF 
HETERODERA  GLYCINES  ON  SOYBEANS 

Lawrence  1.  Miller  and  Paul  L.  Duke 
Virginia  Polytechnic  Institute ,  Holland 

Peking  soybean,  which  has  been  used  as  a  parent  to  obtain  resist¬ 
ance  to  the  soybean  cyst  nematode,  is  susceptible  to  the  Va.  2  population 
of  this  nematode.  Therefore,  it  was  important  to  learn  whether  resist¬ 
ance  to  this  nematode  population  was  present  in  other  soybean  germplasm 
in  the  United  States.  During  the  summer  of  1964,  the  ability  of  the 
Va.  2  population  to  develop  egg-bearing  females  in  interaction  with  1904 
soybean  lines  and  varieties  was  evaluated  by  the  Ross-Brim  double-row 
method  using  Lee  soybean  as  the  susceptible  check.  No  females  were 
formed  on  P.  I.  90763.  Very  few  females  were  formed  on  the  following 
plant  introductions:  63468,  81042-1,  84611,  85903,  87631-1^  88287, 
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88788,  89772,  92686,  206258,  248511,  209331,  and  varieties  Pine  Dell 
and  Old  Dominion.  The  number  of  females  formed  on  the  other  entries 
tested  indicate  they  are  not  resistant  to  the  Va.  2  population. 

REACTION  OF  LAMBSQUARTER,  SWISS  CHARD,  AND 
SPINACH  TO  ELEVEN  ISOLATES  OF  THE  SOYBEAN 
CYST  NEMATODE 

Lawrence  I.  Miller  and  Betty  J.  Gray 
Virginia  Polytechnic  Institute,  Holland 

Eleven  isolates  of  Heterodera  glycines  were  tested  to  determine  their 
ability  to  develop  egg-bearing  females  in  interaction  with  3  species  of 
the  Chenopodiaceae.  Forty  large  cysts  (198-245  eggs/cyst)  of  about  the 
same  size  were  introduced  into  methyl  bromide-fumigated  soil  in  3-inch 
pots.  A  single  lambsquarter,  Swiss  chard,  spinach,  or  Lee  soybean  (check) 
plant  was  grown  in  each  pot.  Roots  were  examined  5  weeks  after  plant¬ 
ing,  and  the  number  of  fifth-stage  females  counted.  On  Lee  soybean 
each  of  the  isolates  developed  49-117  females/plant.  None  of  the  isolates 
developed  females  on  lambsquarter  or  on  Light  Green  Giant  Swiss  chard. 
On  Bloomsdale  savoy-leaved  spinach  the  larvae  of  all  the  isolates  pene¬ 
trated  the  roots,  but  the  Va.  1,  Va.  2,  Va.  4,  N.C.  1,  Ark.  1  Tenn.  1 
and  Kv.  1  isolates  did  not  form  females;  Va.  3  and  Mo.  1  isolates  formed 
2-6  females/paint.  This  is  the  first  report  of  spinach  as  a  host  of  the 
soybean  cyst  nematode. 

INHERITANCE  OF  BLOOD  COAGULATION  TIME 
IN  CHICKENS 

S.  C.  Mohopatra  and  P.  B.  Siegel 
Virginia  Polytechnic  Institute 

Blood  coagulation  time  was  measured  in  5  genetically  diverse  lines 
of  chickens.  Significant  differences  were  found  among  lines  with  a 
heritability  of  0.13  based  on  paternal  half-sib  correlations.  Prothrombin 
time  and  concentration  of  thrombocytes  and  fibrinogen  were  determined 
for  males  and  females  in  the  two  lines  most  diverse  for  coagulation  time. 
Differences  between  lines  were  highly  significant  for  prothrombin  time 
and  concentration  of  thrombocytes  but  not  for  concentration  of  fibrino¬ 
gen.  Multiple  regressions  of  the  blood  coagulation  time  on  these  blood 
coagulation  factors  were  estimated  within  lines  and  sexes. 
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EFFECTS  OF  GIBBERELLIC  ACID  AND  NITROGEN  LEVELS 
ON  SHOOT  PRODUCTION,  FRESH  WEIGHT,  FLOWERING, 
AND  MOISTURE  CONTENT  OF  ROOTED  CUTTINGS  OF 
EUONYMUS  JAPONICA  L.  AND  BUXUS  SEMPERVIRENS  L. 

L.  O.  Sabatinos  and  M.  G.  Hale 
Virginia  Polytechnic  Institute 

Results  of  gibberellic  acid  (GA)  and  nitrate  nitrogen  (N)  treatments 
on  stem  elongation,  shoot-root  ratio,  dry  weight,  and  leaf  abscission  have 
previously  been  reported  for  rooted  cuttings  of  euonymus  and  boxwood 
grown  in  sand  culture.  The  present  report  presents  the  effects  of  these 
treatments  on  number  of  growing  shoots,  plant  fresh  weight,  number  and 
fresh  weight  of  flower  clusters,  and  moisture  content  of  leaves,  stems,  and 
roots.  There  were  no  significant  responses  to  N  levels  or  interactions 
between  N  and  GA,  for  the  parameters  measured.  Number  of  grow¬ 
ing  shoots  and  plant  fresh  weight  were  significantly  affected  by  GA  (P< 
0.05).  Treatment  with  GA  greatly  increased  number  of  boxwood  shoots 
and  euonymus  fresh  weight  and  slightly  decreased  number  of  euonymus 
shoots  and  boxwood  fresh  weight  relative  to  controls.  Moisture  content 
of  organs,  and  number  and  weight  of  flowers,  were  unaffected  by  GA. 
Species  differed  significantly  (P<0.01)  in  moisture  content  of  organs 
and  in  resopnse  to  GA  for  number  of  growing  shoots  and  plant  fresh 
weight.  Differences  in  species  responses  for  stem  moisture  content  appar¬ 
ently  occurred  as  a  result  of  nitrogen  treatment  (P<0.05). 


INHERITANCE  OF  MATING  ABILITY  IN  CHICKENS 
P.  B.  Siegel 

Virginia  Polytechnic  Institute 

Bidirectional  selection  was  made  for  the  cumulative  number  of  com¬ 
plete  matings.  Responses  after  7  generations  were  asymmetrical  with 
realized  heritabilities  being  greater  in  the  downward  direction  than  in 
the  upward  direction.  The  phenotypic  response  to  selection  was  small 
during  the  early  generations,  indicating  concealed  genetics  changes.  Cor¬ 
related  responses  were  noted  between  the  selected  trait  and  concentra¬ 
tion  of  spermatozoa  and  the  other  mating  characteristics. 
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A  REARING  TECHNIQUE  FOR  THE  SOUTHERN  CORN 
ROOTWORM 

}.  C.  Smith  and  M.  W.  Alexander 
Virginia  Agricultural  Experiment  Station,  Holland 

The  requirement  of  having  readily  available  adults  and  immatures 
of  the  southern  corn  rootworm,  Diabrotica  undecimpunctata  howardi  (Bar¬ 
ber)  for  resistance  stueids  necessitated  the  development  of  rearing  proced¬ 
ures.  A  rearing  technique  employing  a  natural  diet  has  been  developed, 
and  rootworms  have  been  reared  successfully  for  6  consecutive  genera¬ 
tions.  The  technique  allows  collection  of  any  stage  of  the  insect,  and 
it  can  be  modified  to  provide  individuals  of  a  nearly-exact  known  age. 
No  disease  problems  have  developed,  and  a  modification  in  procedures 
has  minimized  the  production  of  deformed  adults.  Approximately  100 
adults  are  held  in  2'  x  2'  x  2'  screened  cages  provided  with  excised 
sugar  beet  leaves  and  potted  peanut  plants  as  food.  A  tray  of  moistened 
peat  moss  containing  germinating  corn  serves  as  an  oviposition  site.  The 
oviposition  trays  are  exposed  for  1  week,  then  removed  and  allowed  to 
mature  10-12  days  before  the  newly-hatched  larvae  are  removed  by  a 
modified  berlese  funnel  technique.  Two  changes  of  food  are  required 
before  the  adults  emerge.  No  difference  has  been  observed  in  the  per¬ 
formance  of  adults  held  at  80°F.  under  light  regimes  of  24,  18,  or  16 
hours  per  day. 


INSTRUMENTATION  FOR  ELECTRORETINOGRAPHIC  STUDIES 
OF  THE  TOBACCO  HORNWORM  MOTH 

J.  S.  Smith,  Jr.,  J.  M.  Stanley,  USDA-ARS;  U.  F.  Earp,  S.  D.  Carlson, 
Virginia  Polytechnic  Institute 

The  equipment  and  instruments  discussed  in  this  paper  are  being 
utilized  in  electroretinographic  investigations  of  the  homworm  moth  [ Man - 
duca  sexta  (Johann)].  These  include  two  high  intensity  grating  mono¬ 
chromators  in  series  with  a  tungsten  quartz-iodine  light  source,  a  con¬ 
verging  lens,  a  quartz  beam  splitter,  a  microphotometer  with  a  1P28 
photomultiplier  tube  transducer,  a  stereotaxic  stage  with  two  micromani¬ 
pulators  for  implanting  the  elecrodes,  a  variable  autotransformer,  solenoid 
operated  shuter  and  oscilloscope  with  camera.  The  moth  is  positioned 
on  the  stage  so  that  its  left  eye  can  be  irradiated  with  the  desired  wave- 


1966] 


Proceedings  1965-1966 


249 


length  of  energy  while  the  right  eye  is  covered  with  black  lacquer.  An 
electrode  is  implanted  in  each  eye  and  a  grounding  electrode  is  inserted 
in  the  abdomen  of  the  moth.  The  electroretinogram  is  shown  on  the 
oscilloscope  screen  as  the  difference  in  potential  between  the  irradiated 
eye  and  the  lacquered  eye.  Millivolt  deflections  of  the  oscilloscope 
trace  are  recorded  by  observer  of  a  Polaroid  picture  is  made  for  a  more 
detailed  analysis  of  the  electroretinogram.  These  electroretinograms  are 
being  studied  in  an  effort  to  determine  the  wavelength  or  wave  band 
of  electromagnetic  radiation  these  insects  are  most  sensitive  to  in  order 
to  develop  new,  and  improve  existing,  trapping  devices. 

FINISHING  SWINE  DUBLE-DECKER  STYLE 

H.  R.  Thomas,  T.  N.  Meacham,  M.  Marshall,  E.  S.  Bell  and  P.  H.  Hoepner 
Virginia  Agricultural  Experiment  Station 

A  major  deterent  to  increased  swine  production  is  high  cost  of  hous¬ 
ing.  It  is  essential  that  as  many  hogs  as  possible  be  put  through  the 
building  to  reduced  fixed  housing  cost  per  hog.  Increasing  the  carrying 
capacity  per  pen  has  reduced  this  cost.  Another  method  explored  in¬ 
volved  the  feasibility  of  finishing  hogs  in  pens,  one  above  the  other 
(double-decker  style).  In  1965  pilot  studies  were  conducted  to  observe 
the  performance  of  hogs  fed  from  weaning  slaughter  weights  in  double- 
decker  style  pens.  The  pens,  4'  wide  and  14'  long,  were  built  one 
above  the  other  using  floors  of  expanded  metal.  Results  of  the  pilot 
studies  indicate  that  4  sq.  ft.  per  hog  is  not  adequate  for  optimum  per¬ 
formance.  The  inability  of  die  animals  to  move  to  the  feeders  and 
waterers  is  a  limiting  factor  when  pens  are  densely  populated.  Rate 
of  gain  and  feed  efficiency  were  essentially  the  same  on  the  top  and 
bottom  deck.  Rate  of  gain  was  1.47  and  1.48  and  feed  conversion  was 
3.54  and  3.57  for  the  top  and  bottom  decks,  respectively. 
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SECTION  OF  ASTRONOMY  MATHEMATICS 
AND  PHYSICS 

1.  CAPTURE  CROSS  SECTIONS  IN  THE  KEV  REGION  FOR 

INDIUM  AND  IODINE 

John  R.  Tucker*  and  A.  Keith  Furr 
Virginia  Polytechnic  Institute 

Measurements  of  the  capture  cross  sections  in  tire  kev  region  have 
been  made  for  In115  and  I127.  Samples  of  these  elements  are  exposed 
to  a  well  collimated  beam  from  the  V.P.I.  UTR-10  reactor  and  the  induced 
radioactivity  measured.  The  energy  of  the  neutrons  in  the  beam  is  chang¬ 
ed  by  passing  the  beam  through  B10  filters.  The  induced  activity  in 
the  sample  can  be  interpreted  in  terms  of  the  average  resonance  param¬ 
eters  and  the  capture  cross  section  as  a  function  of  energy  computed 
from  these  quantities.  This  method  is  shown  to  be  quite  satisfactory  for 
nuclides  where  the  average  level  spacing  is  small  as  in  the  case  for  In115 
and  I127.  The  results  will  be  compared  to  measurements  made  with 
essentially  monoenergetic  neutrons  from  accelerator  experiments.  (*Now 
at  V.M.I.) 

2.  A  DIGITAL  COMPUTER  TECHNIQUE  FOR  QUALITATIVE 
ANALYSIS  OF  COMPLEX  SAMPLES  FROM  THEIR  NEUTRON 

INDUCED  GAMMA  RAY  ACTIVITIES 

E.  L.  Robinson  and  A.  Keith  Furr 
Virginia  Polytechnic  Institute 

A  digital  computer  technique  has  been  developed  for  qualitative 
analysis  of  a  complex  sample  from  a  set  of  time-dependent  gamma-ray 
spectra  measured  subsequent  to  neutron  activation  of  the  sample.  The 
requirements  for  application  of  this  technique  are  essentially  the  same  as 
for  any  neutron  activation  analysis.  The  technique  permits  the  analysis 
of  more  complex  samples  than  existing  techniques  with  no  increase  in 
these  application  requiremnts.  The  method  primarily  consists  of  a  spec¬ 
trum  stripping  procedure  in  which  the  identification  of  the  isotopes  in 
a  complex  sample  is  made  on  the  basis  of  a  determination  of  their  gam¬ 
ma-ray  energis  and  half-lives.  The  stripping  is  done  with  a  set  of  dum- 
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my  gamma  spectra  derived  from  monoenergetic  gamma  emitters.  These 
quantities  are  determined  by  a  series  of  statistical  tests  to  successively 
locate  the  high  energy  peaks  in  a  spectrum  and  by  the  use  of  the  two 
preceding  spectra  in  the  time-dependent  set  to  determine  the  correspond¬ 
ing  half-life.  This  procedure  is  repeated  for  each  spectrum  starting  with 
the  last  in  the  time-dependent  set  and  terminating  with  the  third.  Once 
the  gamma  energies  and  half  lives  have  been  determined,  the  actual 
determination  of  the  isotopic  composition  of  the  sample  can  be  performed 
either  by  hand  or  with  the  aid  of  the  computer.  (This  work  was  sup¬ 
ported  in  part  by  the  George  C.  Marshall  Space  Flight  Center,  National 
Aeronautics  and  Space  Administration ) . 

3.  NEUTRON  DIFFUSION  STUDIES  IN  “LIMITING”  SHAPES  OF 

PARAFFIN 

Thomas  E.  C.  Hughes1  and  Andrew  Robeson 
Virginia  Polytechnic  Institute 

The  diffusion  of  neutrons  in  thermal  equilibrium  from  a  sample  is 
described  in  terms  of  the  buckling,  B2,  a  geometric  property  of  the  sam¬ 
ple.  The  decay  constant,  A,  of  a  system  is: 

A  =  Sa  v  +  DB2  —  CB4 

where  v ,  D  and  C  are  constants  of  the  system.  For  a  cylindrical 
sample: 


B2  = 


e  is  a  boundary  correction,  r  is  the  radius  and  h  is  the  height  of  the 
cylinder.  Thus,  a  tall  thin  cylinder  may  have  the  same  buckling  as  a 
short,  pancake  cylinder  and  theory  predicts  the  same  decay  constant. 
Contrary  to  theory,  pulsed  neutron  experiments  have  shown  a  depend¬ 
ence  on  the  ratio  of  height  to  diameter  i.e.;  leakage  (Hwu,  Curet  and 
Robeson,  “A  Study  of  Paraffin  Shapes  with  Pulsed  Neutrons,”  Proc.  Va. 
Acad.  Sci.,  14,  4  (1963)  and  in  a  series  of  experiments  using  the  Cock¬ 
croft- Walton  accelerator  at  Virginia  Polytechnic  Institute,  the  limiting 
cases,  an  ‘‘infinite”  cylinder  and  an  “infinite”  slab,  have  been  studied 
using  samples  of  paraffin.  An  “infinite”  system  is  defined  as  one  which 
has  a  principal  dimension  sufficiently  large  so  that  the  corresponding 
term  in  the  buckling  equation  may  be  neglected.  (Supported  in  part  by 
the  U.  S.  Atomic  Energy  Commission). 
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4.  A  THERMOLUMINESCENT  DOSIMETRY  SYSTEM  FOR  THE 
MEASUREMENT  OF  GAMMA  AND  NEUTRON  FIELDS 
IN  TFIE  V.  P.  I.  REACTOR 

R.  D.  Floyd,  Jr.,  Lynchburg  College  and 
A.  Robeson,  Virginia  Polytechnic  Institute 

The  thermoluminescent  property  of  LiF*  is  being  used  to  measure 
the  gamma  and  neutron  fields  associated  with  the  V.  P.  I.  reactor.  The 
thermoluminescence  of  LiF  powder  is  a  measure  of  the  absorbed  energy 
of  ionizing  radiation  incident  on  the  sample.  Various  techniques  for 
measuring  gamma  and  neutron  dose  rates  utilizing  the  thermoluminescence 
of  LiF  are  being  investigated.  A  simple  circuit  has  been  constructed 
for  measuring  the  thermoluminescent  property  of  LiF  and  the  advan¬ 
tages  of  this  dosimetry  system  will  be  discussed.  (*J.  R.  Cameron,  F. 
Daniels,  N.  Johnson,  G.  Kenney,  “Radiation  Dosimeter  Utilizing  the  Ther¬ 
moluminescence  of  Lithium  Flouride,”  Science ,  134  (August  1964),  p. 
333.) 

5.  7r°  PRODUCTION  IN  PROTON-PROTON  COLLISIONS 

AT  2.8  BEV/C 

D.  Schmidt  M.  A.  Ijaz,  and  K.  Gotow 
Department  of  Physics 
Virginia  Polytechnic  Institute 

We  have  processed  about  6000  two-prong  events  from  the  film  ex¬ 
posed  to  a  2.8  Bev/c  proton  beam  in  the  20"  BNL  liquid  hydrogen  bub¬ 
ble  chamber.  Using  the  “GUTS”  kinematic  fitting  program  we  have 
found  650  events  which  correspond  to  the  reaction  p-)— p — >p+p+7r°. 
The  X2  and  observed  ionization  criteria  have  been  used  for  selection  of 
the  above  events.  The  cross-section  for  the  pp7r°  reaction  is  found  to 
be  3.89  zb  0.20  mb.  The  production  cross-section  for  the  p7r°  isobar 
N*  (1238)  is  approximately  1.11  millibarns.  The  center  of  mass  momen¬ 
tum  distribution  shows  a  broad  peak  around  400  Mev/c,  which  is  in 
agreement  with  the  isobar  model.  We  have  studied  the  events  for  which 
the  p7T°  effective  mass  is  between  1200  and  1350  Mev  in  further  detail 
to  investigate  the  exchange  mechanism.  The  Treiman-Yang  angle  dis¬ 
tribution  is  isotropic,  which  is  indicative  of  the  OPE.  The  scattering 
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angle  0  of  the  final  state  tt°  in  the  % r°  —  p  center  of  mass  system  rela¬ 
tive  to  the  virtual  pion  direction,  shows  the  following  distribution: 

(15.63  ±  1.96)  —  (1.38  ±  2.44)  Cos 6  +  (7.19  ±  4.77)  Cos2  6  . 

The  Cos0  term  which  represents  interference  between  the  S  and  P  waves 
is  negligible.  Similar  distributions  have  been  seen  in  the  Pn7r+  chan¬ 
nel  for  the  7T+  meson.  (Work  supported  in  part  by  NASA). 


6.  IMPROVED  CENTRIFUGAL  METHOD  OF  MEASURING 
TENSILE  STRENGTHS  OF  LIQUIDS 

J.  W.  Beams 
University  of  Virginia 

In  previous  methods  of  measuring  the  tensile  strengths  of  liquids 
by  the  centrifugal  method  the  liquid  is  enclosed  in  a  small  tube  which 
is  rotated  about  an  axis  perpendicular  to  its  length  and  passing  through 
its  center.  This  applies  the  maximum  stress  at  the  tube  wall  as  well  as 
in  the  liquid.  In  the  method  here  described  a  much  larger  bore  tube 
is  rotated  about  its  own  axis  as  well  as  an  axis  perpendicular  to  the  tube 
through  its  center.  Stresses  near  the  wall  are  thus  greatly  reduced  and 
the  maximum  stress  is  applied  in  the  liquid  at  a  considerable  distance 
from  the  wall.  Consequently,  the  uncertainties  introduced  by  nucleation 
on  the  wall  are  greatly  reduced. 

7.  TENSILE  STRENGTH  OF  IRON  SINGLE  CRYSTALS 

J.  D.  Keyes 
University  of  Virginia 

Single  crystal  iron  whiskers  are  plastically  deformed  in  a  centrifugal 
field.  The  diameter  of  whiskers  tested  varies  from  5  to  200  microns. 
The  tensile  stress  to  which  whiskers  are  subjected  when  plastic  flow  occurs 
shows  a  marked  dependence  on  whisker  diameter  below  17  microns. 
Yield  stresses  observed  are  lower  than  values  heretofore  reported  by  other 
investigators. 
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8.  COMPRESSION  OF  SOLID  ARGON  AND  KRYPTON 


John  W.  Stewart 
University  of  Virginia 

We  present  new  more  accurate  data  on  the  PVT  relations  for  solid 
argon  and  krypton.  Relative  compressions  have  been  obtained  up  to  20 
kilobars  for  argon  at  77°  K  and  38°  K,  and  for  krypton  at  81°  K.  In 
the  case  of  argon  the  temperature  difference  between  38°  and  77°  cor¬ 
responds  to  a  thermal  pressure  of  about  1.1  kilobars.  It  is  estimated 
that  the  thermal  pressure  relative  to  absolute  zero  is  1.5  kilobars  for  solid 
argon  at  77°  and  the  same  for  solid  krypton  at  81°  K.  In  all  cases 
there  is  excellent  agreement  among  the  experimental  data  obtained  in 
three  different  sized  sample  holders.  The  new  data  will  be  presented 
and  discussed.  (Supported  by  Army  Research  Office,  Durham,  N.  C.) 

9.  SHEAR  STRENGTHS  OF  SOLIDIFIED  ARGON 

William  M.  Haynes 
University  of  Virginia 

In  order  to  apply  high  pressure  at  cryogenic  temperatures,  one  must 
normally  use  a  solid  pressure  transmitter.  The  degree  to  which  solids 
transmit  pressure  at  cryogenic  temperatures  is  not  generally  known,  par¬ 
ticularly  at  high  pressure.  This  investigation  was  undertaken  to  provide 
strength  data  for  solid  argon.  The  shear  strength  of  argon  was  measured 
as  a  function  of  pressure  in  a  double  extrusion  apparatus  at  pressures 
up  to  8  kilobars  at  77°  K.  Indium  metal  has  been  tested  at  room  tem¬ 
perature  and  serves  as  a  control.  These  measurements  are  a  continua¬ 
tion  and  extension  of  previous  work  in  this  laboratory  by  L.  C.  Towle. 
In  the  case  of  argon,  comparison  with  the  earlier  measurements  shows 
only  partial  agreement.  (Sponsored  by  John  W.  Stewart,  Supported  by 
Army  Research  Office,  Durham,  N.  C.) 

10.  SURFACE  WAVES  AT  PLASMA  VACUUM  INTERFACE 

M.  R.  Feix 

NASA-Langley  Field  and  the  College  of  William  and  Mary 

In  a  plasma,  the  dielectric  constant  e  —  1  —  wp2/w2  can  be  negative. 
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As  a  consequence,  a  surface  wave  parallel  to  the  interface  plasma  vacuum 
can  propagate.  For  a  plane  geometry,  the  possible  frequencies  are  w  < 
top/V2  (corresponding  to  e  —  —  1).  Phase  and  group  velocities  are 
smaller  than  c.  The  fluxes  of  energy  in  the  plasma  in  vacuum  are  in 
opposite  sense.  For  <o-^(op/\/2,  the  two  fluxes  cancel  and  the  energy 
is  confined  to  an  arbitrarily  thin  layer.  This  solution  combines  a  trans¬ 
verse  plasma  —  vacuum  resonance  with  a  progressive  wave  structure  and 
is  interesting  for  a  proton  linac.  Next  the  case  of  a  vacuum  cylinder 
surrounded  by  a  plasma  is  examined.  While  the  cut  off  at  w  =  ojp/ V 2 
is  unchanged,  a  new  cut  off  appears  connected  to  the  finite  value  of  the 
radius.  This  cut  off  varies  from  oj  =  O  (R=  oo  or  plane  geometry 
case)  to  o)  —  wp  (R— >0).  The  solutions  of  the  disperson  relation  are 
presented  for  different  R.  (*NAS  Senior  Research  Associate  —  on  leave 
from  Euratom). 

11.  OSCILLATIONS  OF  AN  ELECTRON  PLASMA  ENCLOSED 
IN  A  CONDUCTING  CYLINDER  IN  A  MAGNETIC  FIELD 

Frederic  R.  Crownfield,  Jr. 

College  of  William  and  Mary 

An  idealized  model  of  an  inhomogeneous  plasma  enclosed  in  a  right 
circular  cylinder  is  considered.  The  ions  are  assumed  fixed  and  the  elec¬ 
trons  assumed  all  to  have  the  same  speed  and  to  move  parallel  to  the 
axis  of  the  cylinder.  The  bases  of  the  cylinder  are  treated  as  specularly 
reflecting.  The  resulting  configuration  is  self-consistent,  and  perturba¬ 
tions  are  considered  by  assigning  an  appropriate  tensor  permittivity  to 
the  plasma.  Maxwell’s  equations  are  then  solved  in  the  quasi-static  ap¬ 
proximation,  subject  to  the  boundary  condition  that  the  surface  of  the 
cylinder  is  an  equipotential.  The  resulting  dispersion  equation  is  solved 
for  the  resulting  (complex)  frequencies  as  a  function  of  electron  energy. 
Possible  experimental  realizations  of  such  a  system  will  be  mentioned, 
and  frequencies  and  growth  rates  of  some  of  the  modes  will  be  displayed. 
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12.  COMPUTER  SIMULATION  OF  THE  TIME  BEHAVIOR 
OF  A  GAS  OF  STARS 

F.  Hohl 

NASA  Langley  Research  Center 
Hampton,  Virginia 

and 

M.  R.  Feix 

NASA,  Langley  Research  Center 
and 

College  of  William  and  Mary 

We  have  used  a  one-dimensional  model  to  investigate  the  time 
behavior  of  a  gas  of  stars.  We  assume  that  any  interaction  among  the 
stars  can  be  described  by  a  collective  force  derivable  from  a  potential. 
Since  we  are  investigating  one-dimensional  effects  we  can  describe  the 
system  by  using  one-dimensional  particles  and  representing  them  by  mass 
sheets  which  are  constrained  to  move  only  along  one  axis.  The  motion 
of  large  numbers  of  such  particles  can  easily  be  followed  on  a  high-speed 
electronic  computer.  Since  irregular  forces  due  to  binary  stellar  encoun¬ 
ter  can  be  neglected  we  would  expect  that  a  system  of  stars  would  quickly 
approach  a  meta-equilibrium  state.  However,  in  our  one-dimensional 
model  we  found  that  the  equilibrium  state  is  a  state  of  minimum  energy 
so  that  it  cannot  in  general  be  reached  from  an  arbitrary  initial  distribu¬ 
tion  of  stars. 


13.  ON  THE  FORMATION  OF  PLANET-LIKE  OBJECTS 
Shiv  S.  Kumar 

Leander  McCormick  Observatory 
University  of  Virginia 

All  Population  I  stars  of  mass  less  than  7  percent  of  the  mass  of 
the  Sun  become  cool,  dense,  planet-like  objects  in  a  time  scale  of  about 
one  hundred  million  years.  Soon  after  a  star  of  very  low  mass  is  formed, 
it  begins  to  contract  under  its  own  gravitation.  While  the  contraction 
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of  more  massive  stars  will  lead  to  the  onset  of  hydrogen  burning,  the 
temperature  at  the  center  of  a  star  of  mass  less  than  7  percent  of  the 
solar  mass  never  reaches  a  value  high  enough  for  the  hydrogen  burning 
to  sustain  the  luminosity  of  the  star.  Therefore,  the  star  keeps  contract¬ 
ing  until  it  becomes  a  completely  degenerate  object.  The  end-product 
of  this  evolution  is  a  cool,  dense  object  which  has  a  luminosity  so  low 
that  it  becomes  invisible.  The  known  planetary  companions  of  stars 
have  masses  in  the  range  1  x  10-3  Ms  to  7  x  10-2  Ms  and  they  have 
presumably  been  formed  by  the  above  mentioned  process.  A  dead  star 
of  mass  less  than  7  x  10~2  Ms  may  exist  as  a  single  object  or  as  an  invisi¬ 
ble  companion  to  another  visible  or  invisible  star.  A  simple  calculation 
shows  that  for  every  visible  star  there  exist  at  least  five  invisible  planet¬ 
like  objects  in  the  Galaxy. 

14.  MOLECULAR  IDENTIFICATIONS  IN  THE  CARBON  STARS 

Laurence  W.  Frederick 
Leander  McCormick  Observatory 
University  of  Virginia 
Charlotesville,  Virginia 

Recent  studies  of  infrared  spectrograms  (A  =1.0  to  1.2^)  taken  at 
the  McCormick  Observatory  have  led  to  the  identification  of  the  (1,0) 
R-branch  band  heads  of  32C,  12C,  12C,  13C,  and  ]3C,  13C.  This  iden¬ 
tification  should  lead  to  a  reliable  value  of  the  13C/13C  ratio  for  this 
type  of  star.  The  same  studies  have  led  to  the  identification  of  the  infrar¬ 
ed  bands  of  acetylene  (CH  :  CH)  and  numerous  isolated  lines  due  to 
CN.  The  method  of  identifiaction  is  based  upon  an  elaborate  computer 
program.  The  method  and  program  will  be  discussed.  These  identifica¬ 
tions  further  support  the  stratified  model  of  late-type  stars. 

15.  PURE  HYDROGEN  STARS  AND  THE  AGE  OF 
THE  GALAXY 

Shiv  S.  Kumar 

Leander  McCormick  Observatory 
University  of  Virginia 

If  the  Galaxy  was  born  as  a  pure-hydrogen  gaseous  system,  the 
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first-born  stars  must  be  composed  of  hydrogen  only.  However,  no  pure 
hydrogen  stars  have  been  observed  so  far.  A  pure  hydrogen  star  of 
mass  ~  0.8MS  will  have  L  =  0.15LS  and  Te  ^  4400°  K  during  the  main 
sequence  stage.  It  will  stay  on  the  main  sequence  for  about  thirty  bil¬ 
lion  years.  During  this  stage,  the  star  should  exhibit  a  pure  continuum 
spectrum;  lines  due  to  hydrogen  will  be  very  faint.  Since  no  such  star 
has  been  observed,  it  is  suggested  that  pure  hydrogen  stars  of  mass 
=  0.8MS  have  evolved  off  the  main  sequence.  If  this  argument  is  cor¬ 
rect,  then  the  age  of  the  Galaxy  should  not  be  less  than  30  x  109  years. 

16.  DEVELOPING  A  METHOD  FOR  DETERMINING 
TEMPERATURES  IN  A  PLANETARY  NEBULA 

Carol  Anne  Farlow 
James  Madison  High  School 

In  this  paper  a  procedure  is  devised  employing  computer  techniques 
for  determining  the  temperature  of  a  planetary  nebula.  It  was  first 
necessary  to  demonstrate  that  a  Maxwellian  distribution  of  velocities  exists 
among  the  particles  in  the  nebula.  This  was  done  by  comparing  the 
average  kinetic  energy  of  an  electron  in  the  gas  computed  by  assuming 
a  Maxwellian  distribution  with  the  average  kinetic  energy  computed  by 
another  method.  Secondly,  a  computer  program  was  written  to  solve  the 
equation  of  transfer  through  the  nebula  by  numerical  integration.  Net 
flux  at  each  point  is  related  to  effective  temperature  by  Stefan’s  Law, 
and  effective  temperature  is  converted  to  electron  temperature  by  the 
Eddington  approximation. 

17.  INTENSITY  PROFILES  FOR  SMALL  VOIDS 
J.  Sigler' 

University  of  Virginia 

A  theoretical  investigation  is  made  of  the  intensity  distribution  of 
the  diffracted  beams,  scatered  and  transmitted,  passing  through  a  thin  cry¬ 
stalline  film  containing  a  small  gas-filled  void  in  equilibrium  with  the 
matrix.  The  calculations  are  based  on  the  dynamic  theory  of  electron 
diffraction,  two-beam  approximation.  The  numerical  computations  were 
oarried  out  with  the  aid  of  a  Buroughs  B5500  computer.  Spherical  voids 
as  well  as  polyhedral  voids  of  various  orientations  are  considered. 

*  Sponsored  by  Doris  Kuhlmann-Wilsdorf. 
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18.  SCATTERING  OF  LIGHT  FROM  SPHERICAL  PARTICLES 
WITH  COMPLEX  REFRACTIVE  INDEX 

Frederic  R.  Crownfield,  Jr. 

College  of  William  and  Mary 

Partial  and  total  wave  amplitudes  for  scattering  of  light  from  spheri¬ 
cal  particles  with  complex  refractive  index  have  been  computed  using 
the  IBM  1620.  Computations  have  been  done  for  various  materials  at 
wavelengths  near  6943A  for  size  parameters  between  0.1  and  30.  and 
scattering  angles  from  0°  to  180°  in  5°  increments.  In  order  to  reduce 
chopping  error,  the  variable  field-length  feature  of  the  1620  was  em¬ 
ployed,  and  calculations  were  done  using  28  digits.  These  calculations 
revealed  chopping  errors  in  the  higher  partial  wave  amplitudes  calculated 
by  Penndorf  and  Goldberg  (Geophysical  Res.  Papers,  No.  46)  for  real 
index.  These  errors  do  not  seem  to  have  contributed  significantly  to 
total  wave  amplitudes  calculated  in  reference  1.  Sample  plots  of  the 
angular  distribution  of  intensity  are  presented  for  different  size  parameters 
and  different  values  of  refractive  index.  (Supported  in  part  by  the  Na¬ 
tional  Aeronautics  and  Space  Administration). 

19.  APPARATUS  FOR  THE  STUDY  OF  THE  SPECTRA  OF 
LUMINESCENT  MINERALS  AT  LOW  TEMPERATURES 

Thomas  Robbins  and  T.  E.  Leinhardt 
Virginia  Polytechnic  Institute 

A  Bausch  and  Lomb  grating  monochrometer  has  been  modified  to 
function  as  a  spectrometer  to  be  used  in  the  study  of  luminescence  in 
minerals.  The  drum  of  the  monochrometer  is  mechanically  linked  to  an 
electric  clock  motor.  Adjustable  stops  and  reversing  switches  permit 
scanning  of  limited  regions  of  the  visible  spectrum  for  long  periods  of 
time.  A  1P28  photomultiplier  detects  the  signal  which  is  directly  fed 
into  a  Varian  Recorder.  Thin  wafers  of  the  mineral  being  analvzed  are 
mounted  in  good  thermal  contact  with  the  cold  finger  of  a  liquid  nitro¬ 
gen  dewar.  Light  from  the  samples  is  directed  through  a  thin  quartz 
window  onto  the  entrance  slit  of  the  monochrometer.  A  second  quartz 
window  allows  the  samples  to  be  excited  with  filtered  ultraviolet  light 
from  an  external  source. 
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20.  THE  TRANSMISSION  OF  SOME  OPTICAL  MATERIALS 
IN  THE  ULTRAVIOLET 

Arthur  T.  McClinton,  Jr.  and  T.  A.  Chubb 
Virginia  Polytechnic  Institute  and  U.  S.  Naval  Research  Laboartory 

The  transmissions  of  some  optical  crystals  were  determined  for  the 
vacuum  ultraviolet  using  a  Seya-Namioka  monochrometer.  The  charac¬ 
teristic  low  wavelength  cut  offs  were  determined  for  crystals  transmit¬ 
ting  in  the  region  1050  —  2000 A.  The  crystals  so  studied  are:  MgF2  , 
NaF,  LaF3  ,  SrF2 ,  BaF2 ,  BeO,  ALOs  ,  KDP,  ADP,  NaCl,  NdF3 ,  KBr, 
CdF3  and  PrF3 .  The  techniques  employed  in  the  experiment  and 
the  data  obtained  will  be  presented.  (This  work  was  performed  at  the 
U.  S.  Naval  Research  Laboratory  in  partial  fulfillment  of  the  Master  of 
Science  Degree  at  Virginia  Polytechnic  Institute). 

21.  A  DEVICE  FOR  THE  STUDY  OF  CATHODOLUMINESCENCE 

R.  Thomas  Bell,  Joseph  R.  Smyth,  and  E.  K.  Hege 
The  Virginia  Polytechnic  Institute 
Blacksburg ,  Virginia 

A  simple  device  for  the  study  of  cathodoluminescence  and  for  use 
in  petrographic  analysis  has  been  constructed  and  evaluated.  A  cold 
cathode  discharge  is  provided  for  the  bombardment  of  mineral  thin  sec¬ 
tions  with  a  beam  of  electrons  in  the  range  of  a  few  kev.  A  hot  cathode 
electron  gun  is  available  for  the  study  of  defect  structures,  luminescence 
centers,  and  electron  trapping  which  require  a  beam  of  better  energy 
definition.  Work  is  in  progress  to  provide  spectral  analysis  of  the 
luminescence  and  to  correlate  this  with  thermoluminescence  and  ultra¬ 
violet  absorption  and  fluorescence  work. 

22.  RESISTANCE  ANOMALIES  IN  CERIUM  METAL  BELOW  30°K 

R.  W.  Major  *  and  T.  E.  Leinhardt 
Virginia  Polytechnic  Institute 

Two  distinct  resistance  anomalies  have  been  identified  in  the  course 
of  a  series  of  simultaneous  measurements  of  the  d.c.  resistance  and  cry- 
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stalline  phase  fractions  of  pure  cerium.  The  first  of  these  appears  as  a 
peak  in  the  R  vs.  T  plots  at  14-15 °K  and  has  a  maximum  value  about 
2%  greater  than  that  corresponding  to  a  smooth  curve  excluding  the 
anomaly.  This  is  associated  with  the  known  transition  to  the  antifer¬ 
romagnetic  state  in  beta-cerium  below  about  13.5°K.  It  was  previously 
less  clear  that  such  a  localized  anomaly  existed  near  this  temperature. 
A  second,  unexpected  anomaly  is  observed  at  20-21  °K.  X-ray  diffrac¬ 
tion  determinations  of  the  beta-phase  fraction  indicate  that  suppression 
of  that  phase  reduces  the  magnitude  of  both  anomalies.  An  unspecified 
magnetic  ordering  process  different  from  that  below  13.5°K  may  be 
resopnsible  for  the  higher-temperature  anomaly.  (Work  supported  in 
part  by  the  U.S.  Atomic  Energy  Commission.  *Now  at  Univ.  of  Rich¬ 
mond,  Richmond,  Va.) 

23.  SUPERCONDUCTING  CRITICAL  FIELD  MEASUREMENTS  OF 

CERIUM  DOPED  LEAD  BETWEEN  4.1°K  AND  1.8°K 

John  J.  Monroe  and  T.  E.  Leinhardt 
Virginia  Polytechnic  Institute 

Ballistic  measurements  were  made  of  the  critical  magnetic  fields  of 
superconducting  cylinders  of  cerium-doped  lead.  Within  the  accuracy  of 
our  measurements,  the  introduction  of  the  paramagnetic  impurity,  cerium, 
in  lead  has  no  effect  other  than  a  slight  broadening  of  the  transition. 
The  samples,  containing  0.00,  0.10,  1.0,  and  1.5  atomic  percent  cerium 
in  lead  had  been  vacuum  cast  in  pyrex  tubes.  The  relative  fractions  of 
the  cerium  in  these  samples  and  their  final  purities  were  tested  by  the 
techniques  of  nuclear  activation  analysis. 

24.  CLASSICAL  CALCULATION  FOR  THERMALIZATION  OF  LOW 

ENEFGY  POSITRONIUM  ATOMS 

William  C.  Sauder 
Virginia  Military  Institute 

Positrons  slowing  down  in  a  gas  form  positronium  atoms  when  the 
positron  kinetic  energy  falls  below  the  ionization  potential  of  the  mod¬ 
erator  atoms.  Once  the  kinetic  energy  of  the  positronuium  atoms  falls 
below  the  lowest  excitation  potentials  of  both  the  moderator  gas  and  posi- 
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tronium  atoms,  further  energy  loss  occurs  only  through  elastic  collisions. 
The  mean  energy  loss  in  a  collision  can  be  determined  by  means  of  a 
classical,  non-relativistic  collision  calculation  for  two  point  particles,  both 
of  which  are  assumed  to  have  non-zero  velocities  in  laboratory  coordi¬ 
nates.  The  positronium  energy  as  a  function  of  time  has  been  evaluated 
under  the  assumption  that  the  collision  cross  section  is  independent  of 
energy;  such  a  calculation  yields  an  upper  limit  for  the  thermalization 
time.  The  resulting  energy  decay  function  is  consistent  with  experi¬ 
mental  data  for  positronium  thermalization  in  argon  gas. 

25.  DENSITY  STUDIES  OF  THE  HELIX-COIL  TRANSITION 
IN  POLY-GLUTAMIC  ACID 

Erich  Brumbaugh,  Virginia  Flory,  and  D.  V.  Ulrich 
Bridgewater  College,  Bridgewater,  Virginia 

Reported  are  the  results  of  a  study  of  the  change  in  partial  specific 
volume  of  a  model  polypeptide  accompanying  the  transition  from  an  a- 
helical  to  a  randomly  coiled  conformation.  The  helix-coil  transition  was 
observed  both  as  a  function  of  pH  at  constant  temperature  (20°  C) 
and  as  a  function  of  temperature  while  simultaneously  observing  the 
concomitant  change  in  pH.  This  correlation  of  variables  was  made  pos¬ 
sible  through  the  use  of  a  modified  Beams  magnetic  suspension  densit¬ 
ometer.  The  modifications  which  permit  greater  flexibilitv  in  experi¬ 
mental  design  are  described. 

26.  INVESTIGATIONS  OF  SLIP-RING  SURFACE  CONTAMINATION 

J.  Gordon  Lindsay  and  A.  Keith  Furr 
Virginia  Polytechnic  Institute 

The  problem  of  identification  of  surface  contamination  of  gold  con¬ 
tact  slip-ring  assemblies  has  been  investigated  by  use  of  neutron  activa¬ 
tion  analysis.  Studies  have  been  made  of  samples  of  surface  deposits 
and  of  possible  sources  of  contamination.  Although  all  possible  sources 
of  the  surface  films  contain  readily  identifiable  elements,  no  correspond¬ 
ing  data  were  obtained  from  the  deposit,  from  which  only  gold  was 
clearly  identified.  From  these  studies  and  from  measurements  made 
with  other  techniques,  it  appears  that  the  surface  deposits  are  primarily 
pure  organic  substances  evolved  from  the  slip-ring  components  and  lubri- 
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cants.  The  data  will  be  shown  and  discussed.  (This  work  was  sup¬ 
ported  in  part  by  the  George  C.  Marshall  Space  Flight  Center,  National 
Aeronautics  and  Space  Administration). 


27.  INVESTIGATION  OF  SURFACE  FILMS  LEFT  ON  METAL 
SUBSTRATES  BY  TRICHLOROTRIFLUROETHANE 

Samuel  M.  Dunaway  and  A.  K.  Furr 
Virginia  Polytechnic  Institute 

One  source  of  surface  films  on  metallic  surfaces  would  be  solvents 
employed  in  cleaning  these  surfaces.  One  of  the  most  common  is  tri- 
chlorotrifluroethane.  Measurements  have  been  made  using  neutron  ac¬ 
tivation  analysis  to  determine  the  amount  of  residue  remaining  on  an 
aluminum  substrate  cleaned  in  an  ultrasonic  bath  of  the  solvents.  A 
total  residue  of  approximately  0.25  ^g/cm2  was  found.  The  techniques 
employed  in  the  experiment  and  the  data  obtained  will  be  presented. 
(This  work  was  supported  in  part  by  the  George  C.  Marshall  Space 
Flight  Center,  National  Aeronautics  and  Space  Administration). 

28.  MICROSTRUCTURE  OF  EPITAXIAL  Ge  FILM  DEPOSITED 
ON  (111)  CaF2  SUBSTRATES 

Calvin  O.  Tiller  and  Billy  W.  Sloope 
Virginia  Institute  for  Scientific  Research 

A  comprehensive  investigation  of  the  microstructure  of  single-crystal 
Ge  films  deposited  on  polished  (111)  CaF2  substrates  in  a  vacuum  of 
10-9  to  4  x  10~7  mm  Hg  has  been  made  as  a  function  of  deposition  rate, 
substrate  temperature  during  deposition,  and  film  thickness.  Transmis¬ 
sion  electron  microscopy  of  thin  films  has  shown  that  the  density  and 
complexity  of  defects  increased  with  deposition  rate  and  decreasing  sub¬ 
strate  temperature,  but  little  change  occurred  up  to  thicknesses  of  2000- 
4000  A.  Electron  microscopy  of  surface  replicas  for  thicker  films  indi¬ 
cated  that  the  density  of  faults  intersecting  the  surface  decreased  by 
three  orders  of  magnitude  over  the  5,100-171,000  A  thickness  range. 
These  results,  and  the  source  of  defects,  are  discussed  in  terms  of  the 
growth  mechanism  associated  with  nucleation  theory. 
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29.  ELECTRICAL  PROPERTIES  OF  Ge  FILMS 


Billy  W.  Sloope  and  Calvin  O.  Tiller 
Virginia  Institute  for  Scientific  Research 

The  electrical  properties,  that  is,  Hall  constant,  resistivity,  and  Hall 
mobility,  of  Ge  films  deposited  on  polished  (111)  CaF2  substrates  in 
ultra-high  vacuum  have  been  measured  over  the  80-800°K  temperature 
range.  Results  are  presented  for  films  deposited  at  substrate  tempera¬ 
tures  ranging  from  200-700  °C,  deposition  rates  between  100  and  15,000 
A/min,  and  film  thicknesses  varying  from  675-171,000  A.  Correlation  of 
electrical  properties  of  single  crystal  films  to  formation  conditions  and 
thickness  indicates  that  the  source  of  acceptors  in  the  films  can  be  attribut¬ 
ed  to  defects. 


30.  EPITAXIAL  Au  FILMS  ON  LOW  INDEX  Ge  FACES 

Calvin  O.  Tiller  and  Billy  W.  Sloope 
Virginia  Institute  for  Scientific  Research 

An  experimental  investigation  of  the  epitaxial  orientation  and  micro¬ 
structure  of  Au  films  vacuum  deposited  on  hand-polished  (111),  (112), 
(110),  and  (001)  faces  of  Ge  is  reported.  For  (111),  (112),  and 
(110)  substrates  growth  with  like  planes  parallel  in  the  film  and  substrate 
is  preferred;  whereas,  for  the  (001)  substrate  growth  with  (110)  Au 
parallel  to  (001)  Ge  results.  Dislocations  are  the  most  prominent  de¬ 
fects  in  the  (111)  and  (112)  films  and  stacking  faults  or  microtwins 
in  the  (110)  films. 


31.  THE  TIME  RESOLVED  MASS  SPECTROMETRY  OF  FLASH 
PHOTOLYZED  NITROSYL  CHLORIDE 

Harold  A.  Rhodes  and  U.  V.  Henderson,  Jr. 

Texaco  Experiment  Incorporated 

Apparatus  and  a  technique  for  observing  very  fast  reactions  such 
as  occur  in  a  gas  subjected  to  flash  photolysis  are  presented.  This  tech¬ 
nique  allows  the  direct  observation  of  the  individual  species  which  are 
produced  or  destroyed  in  such  a  reaction.  The  time  resolved  mass 


1966] 


Proceedings  1965-1966 


265 


spectra  of  all  of  the  species  are  observed  and  recorded  by  high  speed 
photography.  The  flesh  photolyses  were  carried  out  in  close  proximity 
to  the  ionizing  source  of  the  mass  spectrometer  to  minimize  the  number 
of  collisions  prior  to  analyses  of  the  products.  Some  results  of  experi¬ 
ments  carried  out  on  nitrosyl  chloride  indicate  that  the  method  is  ap¬ 
plicable  to  the  observation  of  gas  phase  reactions  occurring  in  tenths 
of  milli-seconds. 


32.  IDENTIFICATIONS  OF  FLAME  IONS  BY  TIME-OF-FLIGHT 
MASS  SPECTROMETRY 

I.  R.  King  and  ].  T.  Scheurich 
Texaco  Experiment  Incorporated 

A  technique  is  described  which  permits  extraction  of  ions  from  a 
flame  burning  at  atmospheric  pressure,  and  identification  of  these  ions 
by  a  time-of -flight  mass  spectrometer.  The  sampling  system  (consisting 
of  a  differentially-pumped  inlet  system  for  rapidly  reducing  the  pressure, 
a  series  of  ion  lenses  for  collimating  the  incoming  beam,  and  a  grid 
system  for  decelerating  and  bunching  the  ions  as  they  enter  the  mass 
spectrometer)  is  described  in  detail,  and  performance  data  for  the  sys¬ 
tem  are  presented. 

33.  TEMPERATURE  DEPENDENCE  OF  THE  PURE  QUADRU- 
POLE  RESONANCE  FREQUENCY  IN  NaBr03 

J.  T.  Allender  and  R.  F.  Tipsword 
Virginia  Polytechnic  Institute 

The  pure  quadrupole  resonance  frequency  dependence  on  tempera¬ 
ture  of  Br79  in  NaBrOs  was  examined  with  the  intent  of  modifying  the 
Bayer  theory.  The  Bayer  theory  as  extended  by  Kushida  (Jour.  Sci. 
Hiroshima  Univ.  A19,  327  —  1955)  for  two  normal  modes  is: 

>m =»<.{'  --cAR+ ‘“-[tf]  - ]| 

where  Vq  is  the  resonant  frequency  for  a  rigid  lattice,  Vi  is  the  vibrational 
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frequency  of  the  bromate  group  and  6  is  the  moment  of  inertia  of  the 
group.  The  modification  was  to  be  accomplished  by  replacing  the  sim¬ 
ple  harmonic  motion  of  the  BrOs  group,  as  assumed  in  the  derivation  of 
the  above  equation,  by  anharmonic  oscillations.  Thus  Vi  is  no  longer 
constant  but  is  a  function  of  the  oscillation  amplitude  and  consequently 
a  function  of  the  temperature.  Results  from  a  least  mean  square  fit  of 
the  above  equation  to  experimental  data  derived  by  changing  Vi  from  a 
constant  to  Vi  =  Vi  ( 1  —  a  T ) ,  in  only  the  denominator  of  the  above 
expression,  is  shown  in  the  following: 


AT  =  4.2  - 

77.3°  K 

Vi ( sec-1 ) 

vQ(sec-1) 

0(gm-cm2) 

vx  =  constant 

3.294X1 012 

182.8X106 

1.87X-38 

Vi  =  Vi  ( 1  — 

aT) 

(3.6X1012) 

[1  -  (2.58  x  10-4)T] 

182.9X106 

1.497  X10-38 

34.  THE  ASYMPTOTIC  FORM  OF  THE  EQUATIOS  OF  MOTION 
OF  A  FLEXIBLE  PENDULUM 


H.  L.  Johnson 
'Virginia  Polytechnic  Institute 


This  paper  is  concerned  with  the  equations  of  motion  of  a  perfectly 
flexible  pendulum  in  a  fixed  vertical  plane  that  has  an  additional  point 
mass  attached  to  its  free  end.  The  independent  variables  of  the  prob¬ 
lem  are  a  non-dimensional  arclength  x  and  a  non-dimensional  time  y. 
The  dependent  variables  are  the  angle  from  the  downward  vertical  and 
the  tangent  direction  to  the  pendulum  u  and  the  tension  v.  The  boun¬ 
dary  conditions  are  also  dependent  upon  a  non-dimensional  parameter 

a  =  m/p  L  . 

The  assumption  is  made  that 


1 

u  =  u(x,  y;  a)  =  z(y)  - (ux  (y) 

a 


sin  (z(y) )  ^ 

2  v0(y) 


00  1  i 

+  2  (— )  Ui  (  X,  y)  , 

i=2  a 
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co  1  i — 1 

V  =  v(x  ,  y;  a)  ==  a  v0  (y)  +  S  ( — )  vi(x,y). 

i=l  a 

The  first  terms  of  these  expansions  represent  the  motion  of  a  rigid  body 
pendulum  and  satisfy  zyy  +  sin  (z)  =  0  ,  v0  =  cos(z)  +  zy2  . 

The  functions  ux  (y)  &  v1  (x,  y)  are  determined  next.  They  are  found 
to  be  periodic  functions  of  y  and  of  the  same  period  as  the  rigid  body 
term  z  =  z(y).  This  leads  to  the  conjecture  that  the  steady  motion  of 
a  flexible  pendulum  exists,  mathematically,  in  the  large  and  that  this 
motion  is  periodic  of  the  same  period  as  an  associated  rigid  body  pen¬ 
dulum. 


35.  IDEALS  AND  FILTERS 
C.  E.  Aull 

Virginia  Polytechnic  Institute 

A  is  an  f-ideal  in  a  commutative  semigroup  S  if  for  a„  b  e  A , 
there  exists  c  e  A  such  that  cx  —  a  and  ct  =  b  have  solutions  in  S  .  If 
S  is  the  family  of  all  subsets  of  a  set,  excluding  the  null  set,  then  A 
is  an  f-ideal  if  A  is  a  filter.  If  T  is  an  ideal  in  a  semigroup  S  and  A 
is  an  f-ideal  in  T ,  A  is  also  an  f-ideal  in  S  .  If  R  is  a  commutative 
ring  and  A  is  an  f-ideal  under  the  second  operation,  A  is  an  ideal  of  the 
ring  R;  and,  if  A  has  a  finite  number  of  generators,  A  is  a  principal  ideal. 

36.  TAME  DISCS  SPANNING  n-DIMENSIONAL 
PSEUDO-ANNULI 

H.  J.  Charlton 
Virginia  Polytechnic  Institute 

Let  Sx  and  S2  be  non-intersecting,  bicollared  ( n  —  1 ) -spheres  in  Sn 
or  En.  The  closure  of  the  component  of  Sn  —  (S1US2)  which  has 
boundary  Sx  U  S2  is  a  pseudo-annulus.  Given  a  pseudo-annulus  in  an 
n-sphere  there  is  a  disc  D  meeting  both  Sx  and  S2  in  a  flat  arc  on  the 
boundary  of  D  such  that  D  U  Sx  U  S2  is  locally  tame  and  D  U  Sj  and 
D  U  So  are  tame. 
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37.  AN  INDICATRIX  FOR  AN  ARBITRARY  REAL  FUNCTION 
OF  ROUNDED  VARIATION  ON  A  CLOSED  INTERVAL 

K.  G.  Johnson 
Virginia  Polytechnic  Institute 

Let  [a,  b]  be  a  closed  interval  and  let  f  be  a  real  valued  function 
of  bounded  variation  on  [a,  b]  .  Let  {Pi}  be  a  sequence  of  partitions 
such  that  !  |  Pj  1 1  — >  O  when  1 1  Pi  | !  --  max  |  Xj  —  Xj_i  |  and  such 

Xje  Pi 

that  Pi+i  refines  Pi .  Let  [  [a ,  ft]  ]  denote  the  closed  interval  whose 
end  points  are  a,  and  /3 .  (note:  [[a,  )8]]  =  [[j8,a]].)  Let 
Sj=  [[f(Xj)  ,  f  ( X  j_! )  ]  ]  ,  Xj  e  Pi.  Let  XSj-  be  characteristic  func¬ 
tion  of  Sj .  Let  Ti  =  2  Xgj  .  Let  T  =  lim  T}  . 

Xj  e  Pi  i— »  oo 

co 

Theorem  1.  T  is  summable  and  J*  T(y)  dy  =  total  varia- 

- 00 

tion  of  f  over  [a  ,  b]  . 

Theorem  2.  If  {P/}  and  (Pi"}  are  two  sequences  satisfying  the 
hypotheses  of  {Pi}  above  and  T' ,  and  T"  are  the  functions  correspond¬ 
ing  to  T  then  T'  (y)  =  T"  (y)  for  almost  all  real  y. 

Definition  1 .  Any  of  the  functions  T  will  be  called  an  indica- 
trix  of  f  . 
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SECTION  OF  BIOLOGY 

THE  METABOLISM  OF  KREBS  CYCLE  SUBSTRATES  AND  MALONIC 

ACID  IN  DEVELOPING  EMBRYOS  OF  THE  SEA  URCHIN 

Russell  Addison  and  Robert  E.  L.  Black 
College  of  William  and  Mary 

The  shunting  of  carbon  from  citric  acid  cycle  substrates  into  other 
materials  in  the  cell  was  investigated  in  eggs  and  embryos  of  the  sea 
urchin  Arbacia  punctulata  by  the  use  of  acetate— 2— C14  and  succinate— 
2— C14.  Increases  in  uptake  of  label  occurred  in  the  order  unfertilized 
egg,  fertilized  egg,  bias  tula,  gastrula,  and  pluteus  after  contact  of  each 
stage  with  1  ^,curie/ml  of  the  substrate  for  a  two  hour  period.  Frac¬ 
tionation  of  the  embryos  into  acid  soluble,  lipid,  nucleic  acid,  and  pro¬ 
tein  components  showed  increasing  percentages  of  the  label  to  be  incor¬ 
porated  into  lipids,  proteins  and  nucleic  acids  at  the  expense  of  the  acid 
soluble  fraction  as  development  progressed.  Carbon  lost  as  carbon  dioxide 
was  always  less  than  that  shunted  into  cellular  components.  Evidence 
does  not  indicate  that  sudden  shifts  in  shunting  occur  during  the  stages 
tested.  The  embryos  are  capable  of  metabolizing  malonate,  the  incor¬ 
poration  pattern  of  which  resembles  that  of  succinate  and  acetate;  how¬ 
ever,  uptake  of  malonate  is  lower  than  that  of  either  succinate  or  acetate 
in  all  stages  tested.  Carbon  dioxide  production  from  malonate— 1— C14 
and  malonate— 2— C14  indicates  that  malonate  is  first  decarboxylated  to 
acetate,  which  is  further  metabolized  via  the  Krebs  cycle. 

PLANTS  OF  A  MASSANUTTEN  MUSKEG  AND  ITS  SURROUND¬ 
ING  AREAS 

Lena  Artz  and  M.  P.  Krouse 
Waterlick,  Virginia 

While  muskegs  are  rather  common  farther  north,  they  are  somewhat 
unusual  in  Virginia.  Beoause  of  coolness  brought  about  by  a  water  table 
near  the  surface  and  by  the  insulating  quality  of  soaked  sphagnum, 
plants  more  northern  in  their  distribution  occur  in  a  Massanutten  muskeg 
and  in  its  nearby  bog  areas. 
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MORPHOGENESIS  AND  KERATINIZATION  IN  THE  DOWN 
FEATHER  OF  THE  13-DAY  CHICK  EMBRYO 

Irwin  Beitch  and  J.  N.  Dent 
University  of  Virginia 

Developing  down  feathers  from  the  mid-dorsal  region  of  the  13-day 
chick  embryo  were  fixed  in  glutaraldehyde,  embedded  in  araldite,  and 
serially  sectioned  up  the  developmental  gradient  at  1—2  /x  for  phase- 
contrast  microscopy.  A  lining  epithelium  was  found  to  form  from  epider¬ 
mal  and/or  mesenchymal  origin  and  cover  the  developing  barb  ridges. 
The  cells  of  this  layer  later  become  mesenchymal  and  migrate  to  the 
apex  of  the  barb  ridge.  The  feather  sheath  may  also  contribute  mesenchy¬ 
mal  cells.  The  apical  mesenchymal  cells  lose  their  stellate  form  and 
become  the  crescent-shaped  cells  of  the  barb,  some  of  which  later  round 
up  to  form  barbule-plate  cells.  Keratinization  occurs  from  the  outside 
of  the  cell  inward.  This  seems  to  be  an  abrupt  process  which  initially 
leaves  a  distinct  keratinized  cell  periphery  and  smooth  interior.  Keratin¬ 
ization  of  the  inner  zone  follows.  The  cells  pack  together,  possibly  by 
action  of  the  non-keratinized  cells  surrounding  them,  and  form  the  com¬ 
pact  barb. 

THE  MECHANISM  OF  CONTRACTION  IN  HYDRA 

Barbara  R.  Beitch  and  Samuel  P.  Maroney,  Jr. 

University  of  Virginia 

Saponin-treated  models  were  made  of  epithelio-muscular  cells  of 
Hydra  viridis,  which  contracted  in  the  presence  of  ATP  and  certain  di¬ 
valent  ions.  Electron  microscopical  evidence  was  presented  for  a  primi¬ 
tive  actomyosin  system  in  which  actin  and  myosin  are  arranged  randomly 
in  the  basal  portion  of  these  epithelio-muscular  cells.  The  contractile 
system  of  H.  viridis  was  compared  with  both  higher  muscle  and  also 
lower  contractile  systems  and  found  to  resemble  higher  muscle,  both 
physiologically  and  cytologically. 
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A  SUPPRESSOR  MUTATION  OF  THE  L-ARABINOSE  STRUCTURAL 
GENE  OF  ESCHERICHIA  COLI  B/r 

R.  G.  Bost  and  R.  M.  Cribbs 

Mutations  occurring  in  the  L-ribulokinase  gene  of  E.  coli  prevent 
this  mutant  from  utilizing  L-arabinose  as  a  carbon  and  energy  source. 
Previously  studied  wild  type  revertants  (ability  to  utilize  L-arabinose) 
were  in  one  of  two  classes.  Revertants  of  one  class  were  true  revertants, 
i.e.  contained  a  correction  of  the  original  mutated  site.  Revertants  of  a 
second  class  contained  two  mutant  sites,  the  original  site  and  a  second 
or  suppressor  site,  that  corrected  the  original  site  enabling  the  revertant 
to  utilize  L-arabinose.  A  partial  revertant  has  been  isolated  that  does  not 
belong  to  either  of  the  above  classes.  Transduction  analyses  of  this 
unique  revertant  indicate  that  it  contains  a  mutation  differing  from, 
but  at  or  near  the  original  site  and,  in  addition  ,an  extra cistronic  supres- 
sor  mutation.  Growth  studies  show  that  the  two  mutant  sites  have  an 
additive  effect  in  the  organism’s  ability  to  utilize  L-arabinose. 

ASPECTS  OF  AN  ECOLOGICAL  CLIMAX  IN 
ROCKINGHAM  COUNTY,  VIRGINIA 
John  D.  Collins 
Randolph  Macon  Academy 

The  aspects  of  this  type  of  climax  association  were  studied  in  August 
1963  at  Kephart  Run  and  Raleigh  Springs,  approximately  ten  miles  west 
of  Harrisonburg,  Virginia.  This  ecological  study  was  divided  into  three 
areas,  namely:  (1)  The  Pure  Hemlock  Stand,  (2)  The  Hemlock-Beech 
Fringe,  (3)  The  Deep  Hemlock-Beech  Stand.  The  dominant  species  of 
the  climax  association  exercise  such  complete  control  over  environmental 
factors  as  light,  space,  water  and  mineral  supply  that  they  inhibit  the 
establishment  of  other  plants  in  the  area.  The  adjustment  between  the 
dominant  species  of  a  climax  association  and  the  environment  approaches 
so  near  perfection  that  the  community  is  relatively  stable  and  is  able  to 
persist  as  long  as  the  climatic  conditions  remain  unchanged.  When  the 
climax  type  is  composed  of  beech  and  hemlock,  it  is  noted  that  several 
tree  stages  precede  the  climax  in  which  several  different  tree  species 
serve  as  dominants.  There  may  be  varied  combinations  of  these  domi¬ 
nants  in  intermediate  stages,  but  as  the  climax  association  is  finally 
approached,  the  communities  become  more  and  more  similar  in  a  process 
known  as  convergence. 
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THE  VPI  INSECT  COLLECTION:  HISTORY,  STATUS, 

AND  PROSPECTUS 

Charles  V.  Covell,  Jr.,  University  of  Louisville 
and  Michael  Kosztarab,  Virginia  Polytechnic  Institute 

Through  periods  of  both  rapid  development  and  long  neglect  since 
1888,  the  V.P.I.  Insect  Collection  has  developed  to  the  extent  of  con¬ 
taining  about  81,000  specimens  on  pins,  in  alcohol,  on  microscope  slides, 
or  with  displays  of  insect  damage.  The  collection  is  now  uniformly 
stored,  fairly  well  identified  and  arranged  systematically,  and  is  con¬ 
sidered  in  condition  to  warrant  use  by  researchers  who  wish  either  to 
borrow  specimens  or  visit  V.P.I.  to  work  for  varying  periods  of  time 
in  residence.  An  invitation  is  hereby  made  to  all  interested  scientists  to 
both  use  this  collection,  and  to  join  the  list  of  contributors  to  its  develop¬ 
ment  by  donating  specimens  or  library  materials  to  it.  By  publicizing 
the  Collection  in  this  manner,  the  authors  hope  that  public  support  of 
the  V.P.I.  Insect  Collection  will  be  continued  and  expanded  to  provide 
better  space  facilities  and  a  full-time  curator  in  the  near  future. 

PROBLEMS  OF  MORPHOGENESIS  IN  CORDYLOPHORA 
Fred  A.  Diehl 

Department  of  Biology ,  University  of  Virginia 

The  two  cell  layers  of  Cordylophora  caspia  were  separated  mechani¬ 
cally  and  recombined  in  ratios  different  from  that  of  normal  animals. 
Increasing  the  amount  of  epidermis  favors  the  production  of  stolons  whereas 
decreasing  the  quantity  of  epidermis  results  in  formation  of  large  num¬ 
bers  of  hydranths.  Tissues  of  irradiated  animals  were  tested  in  the  same 
manner  and  in  general  exhibit  this  same  pattern  of  development  based 
on  epidermis:  gastrodermis  ratio.  Isolated  epidermis  of  Cordylophora 
will  produce  a  gastrodermal  layer  and  later  a  complete  animal.  The 
process  of  gastrodermis  formation  was  studied  histologically  and  with 
autoradiographic  techniqeus.  It  is  concluded  that  the  gastrodermal  layer 
is  formed  from  interstitial  cells.  Animals  were  treated  with  4,500  R.  of 
x-irradiation  and  disappearance  of  interstitial  cells  noted.  Epidermis 
of  irradiated  animals  produces  perisarc  but  no  gastrodermal  layer  is 
formed  in  such  preparations.  Since  irradiation  destroys  the  interstitial 
cells  a  causal  relationship  between  lack  of  interstitial  cells  and  failure  to 
form  gastrodermis  is  postulated. 
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SYNTHESIS  OF  FREE  AMINO  ACIDS  BY  SEVERAL  STRAINS 
OF  MICROMONOSPORA 

S.  Gamble 
Lynchburg  College 

Ten  species  of  Micromonospora  have  been  examined  and  all  have 
been  found  to  be  capable  of  synthesizing  ninhydrin-positive  substances 
in  an  ammonium-glucose  medium.  Urea,  nitrate  and  nitrite  may  be 
substituted  as  nitrogen  sources.  Positive  identification  of  the  metabolites 
of  several  strains  include  the  amino  acids  lysine,  glycine,  alanine,  pro¬ 
line,  valine  and  leucine.  Unidentified  substances  include  a  basic  meta¬ 
bolite  which  is  ninhydrin-positive  and  also  shows  up  as  a  dark  spot  under 
ultraviolet  light  at  254  m^.  The  investigation  suggests  that  these  micro¬ 
organisms  may  be  active  in  the  synthesis  of  amino  acids  and  other  basic 
organic  metabolites  in  soil.  Evidence  is  presented  that  the  Micromono¬ 
spora  may  be  more  active  in  this  biosynthesis  role  under  reduced  oxygen 
conditions. 


CONTINUOUS  CULTURE  OF  SACCHAROMYCES  CEREVISIAE ; 

VARIATION  OF  STEADY  STATE  PROPERTIES  WITH 
DILUTION  RATE 

J.  W.  Gilley,  H.  R.  Bungay,  3rd.,  and  N.  R.  Krieg 
Departments  of  Civil  Engineering  and  Biology, 

Virginia  Polytechnic  Institute 

The  yeast  Saccharomyces  cerevisiae  has  been  grown  in  continuous 
culture  and  investigated  in  detail.  Using  an  electronic  counter  size  dis¬ 
tributions  of  the  yeast  were  obtained  at  various  dilution  rates  and  the 
average  cell  size  was  taken  from  these  distribution  curves.  Also,  cell 
dry  weight  and  Kjeldahl  nitrogen  were  investigated  over  a  range  of 
dilution  rates.  The  results  of  these  investigations  indicated  that  the  aver¬ 
age  cell  size,  dry  weight  per  cell,  and  Kjeldahl  nitrogen  per  cell  increased 
as  dilution  rate  increased.  The  average  size  of  the  yeast  cells  is  also 
related  to  medium  concentrations  as  well  as  dilution  rate.  From  the 
mathematics  of  these  relationships  it  is  possible  to  conclude  that  the  ratio 
of  the  rate  of  cell  wall  material  synthesis  to  the  rate  of  protein  synthesis 
decreased  as  dilution  rate  increased. 
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FEAR  AND  THE  APPROACH  RESPONSE  IN  CHICKS 


H.  R.  Graves  and  P.  B.  Siegel 
Virginia  Polytechnic  Institute 

Trials  were  conducted  to  investigate  the  effects  of  socialization  vs. 
(isolation,  age,  and  the  presence  of  a  fear  stimulus  on  innate  approach 
tendencies.  Subjects  were  from  matings  of  a  closed  line  of  White  Ply¬ 
mouth  Rocks  selected  for  low  body  weight.  Measurement  criteria  in¬ 
cluded  time  in  seconds  to  respond  toward,  to  approach,  and  time  spent 
near  an  imprint  apparatus.  Fear  was  measured  as  time  to  first  pip,  time 
run,  and  distance  run  after  presentation  of  a  fear  stimulus.  Fear,  as 
measured  by  time  to  first  pip,  appeared  at  16  hours  posthatching  but 
was  not  expressed  by  running  until  32  hours  of  age.  At  24  hours  post¬ 
hatching  chicks  exhibited  less  fear  than  those  studied  at  either  16  or 
32  hours.  Response,  approach,  and  time  spent  near  the  imprint  apparatus 
were  neither  reinforced  nor  inhibited  by  the  fear  stimulus.  (Support 
in  part  by  NSF  grant  G4193). 

THE  PLACENTA  OF  THE  MACACCA  MULATTA 
(RHESUS  MONKEY) 

K.  Diane  Courtney  and  Susan  Sieber 
Bionetics  Research  Laboratories,  Inc. 

The  Macacca  mulata  placenta  is  of  the  hemochorial  villous  type 
and  is  superficially  implanted.  The  fetal-maternal  junction  of  both  lobes 
of  this  bisdiscoidal  placenta  is  sharply  demarcated.  On  the  18th  day 
of  gestation,  vaginal  bleeding,  the  ‘‘placental  sign”,  is  apparent  and  is 
detectable  for  seven  days  thereafter.  From  50  placentas  derived  from 
Cesarean  section,  88%  were  found  to  be  bilobed,  6%  were  monolobed, 
and  6%  appeared  fused.  In  general,  the  primary  lobe  is  larger  than  the 
secondary  lobe.  The  mean  weight  of  the  term  primary  placenta  is  89 
grams,  the  mean  weight  of  the  term  secondary  placenta  is  63  grams. 
The  ratio  of  fetal  body  weight  to  placenta  weight  at  term  for  females 
is  3.5,  and  for  males  is  3.0.  These  data  and  other  data  to  be  presented 
on  the  placenta  of  the  Macacca  mulatta  are  now  being  utilized  in  con¬ 
junction  with  biochemical,  pharmocological  ,and  pathological  studies  of 
the  placenta  and  fetus. 
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AFFINITIES  OF  THE  FLORA  OF  VIRGINIA 

A.  M.  Harvill,  Jr. 

Longwood  College 

Migrations  of  plants  for  millions  of  years  in  an  area  with  no  impor¬ 
tant  physical  barriers  has  resulted  in  a  flora  with  few  endemics.  Many 
species  in  Virginia,  however,  have  disjunct  distributional  paterns  which 
are  apparently  due  to  Pleistocene  and  postglacial  environmental  changes. 
Geographic  elements  of  the  flora  listed  in  order  of  numbers  of  species 
are  Eastern  North  America,  East  —  Western  Plains,  Coastal  Plain,  New¬ 
foundland  and  North,  Tropical  America,  Pacific  Coast,  Circumboreal, 
Southern  Appalachian,  Cosmopolitan,  Asia,  Pantropical  Endemic  and  Eu¬ 
rope. 


PATTERNS  IN  REGENERATION  AFTER  FISSION  IN  A  SEXUAL 
RACE  OF  DUGESIA  DOROTOCEPHALA 
Marie  M.  Jenkins 
Madison  College 

Fission  products  of  176  planarians,  hatched  from  12  cocoons,  were 
studied  for  ten  months.  Sixty-five  fissioned  (range:  9-40  weeks;  mode: 
12  weeks),  producing,  in  a  total  of  184  further  fissions,  499  planarians, 
of  which  25  became  sexual.  Fission  history  was  indicated  by  labels: 
h  (head,  t  (tail),  hh,  ht ,  etc.  Average  time  between  fissions  was  3.9 
weeks  (range:  1-18;  mode:  2).  No  correlation  was  found  between  the 
time  succeeding  fissions  occurred  and  number  of  weeks  after  emergence. 
Tails  only  (no  heads)  fissioned  up  to  three  times;  heads  only,  up  to  13 
times.  As  t  increased  in  the  individual’s  history,  fissions  decreased,  but 
increase  of  h  appeared  to  have  no  effect  on  further  fission.  No  ratio  of 
h  to  t  was  found  to  be  a  determining  factor  in  tendency  to  fission.  Al¬ 
though  the  number  of  fissions  decreased  with  each  succeeding  fission, 
there  was  no  corresponding  decrease  in  percent.  After  the  ten  months, 
in  the  remaining  126  planarians,  eleven  further  fissions  occurred,  but 
the  majority  were  dead  by  the  94th  week  after  emergence,  and  all  were 
dead  by  the  150th  week.  However,  seven  sexual  specimens  are  still  pro¬ 
ducing  viable  cocoons  after  161  weeks.  No  evidence  of  a  pattern  of 
regeneration  after  fission  was  found  in  this  experiment.  In  this  race  of 
Dugesia  dorotocephala,  although  fission  occurs,  it  appears  to  be  ineffec¬ 
tive  as  a  means  of  reproduction.  (Assisted  in  part  by  grants  from  the 
Virginia  Academy  of  Science  and  Sigma  Xi-RESA). 
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A  COMPARATIVE  STUDY  OF  FREE  AMINO  ACID  COMPOSITION 
IN  THE  DEVELOPING  EMBRYOS  OF  TWO  GENETIC  LINES  OF 
GALLUS  DOMESTICUS 

C.  Marlene  Kelly  and  Sheila  K.  Toye 

Radford  College 

Two  genetic  lines  of  White  Rock  chickens  selected  for  high  and 
low  body  weight  have  been  found  to  differ  in  embryonic  growth  rates 
(Coleman,  Siegel,  and  Siegel,  1964).  This  observation  was  made  by  com¬ 
parison  of  wet  and  dry  embryonic  body  weights.  The  purpose  of  the 
present  investigation  is  to  determine  if  the  above  observation  can  be  fur¬ 
ther  supported  by  comparing  the  free  amino  acid  composition  of  earlier 
developmental  stages  of  these  same  genetic  lines.  This  will  be  done  by 
utilization  of  paper  chromatographic  techniques. 


A  SYSTEMATIC  INVESTIGATION  OF  THE  HOLARCTIC 
MICROTUS  AGRESTIS-PENNSYLVANICUS  GROUP, 

( RODENTI A :  CRICETID  AE ) 

Mary  Kathleen  Klimkiewicz 

Radford  College 

Two  similar  allopatric  forms  of  Microtine  rodents  have  been  con¬ 
sidered  by  most  mammalogists  to  be  separate  species  —  Microtus  agrestis 
in  Eurasia  and  Microtus  pennsylvanicus  in  North  America.  Although  sev¬ 
eral  specialists  have  regarded  these  taxa  as  conspecific,  a  definitive  evalua¬ 
tion  of  the  various  differences  between  them  has  not  previously  been 
undertaken.  Careful  comparison  of  large  samples  from  numerous  locali¬ 
ties  has  led  to  the  conclusion  that  traditionally-cited  “differences”  are  only 
on  the  order  of  variations  within  a  single  widespread  polytypic  species. 
The  common  Meadow  Vole  of  North  America  is  therefore  best  considered 
only  a  subspecies  of  Microtus  agrestis. 
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DESCRIPTION,  CLASSIFICATION,  AND  DISTRIBUTION  OF  THE 
CRICKET  FROG  IN  VIRGINIA 

Dale  Nye  Larkin 
Radford  College 

Following  an  examination  of  approximately  two  hundred  Acris  col¬ 
lected  in  Virginia,  data  indicated  that  Acris  gryllus  was  found  east  of  the 
Blue  Ridge  Mountains  and  Bedford  County,  north  to  Fairfax  County  and 
south  to  North  America.  Acris  crepitans  was  located  in  the  Shenandoah 
and  Appalachian  Regions,  west  of  the  Blue  Ridge  Mountains  from  Rock¬ 
ingham  to  Botetourt  County  and  east  of  this  range  in  Bedford  County. 
Snout-Vent/leg  length  was  most  significant  to  establish  distribution  of 
the  two  species.  The  southern  coastal  plain,  Southampton,  Nansemond, 
Princess  Anne  and  York  Counties  all  had  “gryllus”  type  material.  In 
the  remainder  of  the  state,  the  “ crepitans ”  type  was  collected.  In  the 
northern  and  southern  sections  of  the  Acris  area  much  overlapping  had 
occurred  and  produced  forms  which  offer  considerable  differences  within 
the  genus.  These  Virginia  Acris  should  be  termed  subspecies  on  account 
of  the  existence  of  intermediate  individuals  in  the  same  localities. 


STIMULATION  OF  GERMINATION  IN  SEED  OF  SPINACH, 
SPINACEA  OLERACEA ,  BY  EXPOSURE  TO  RED  LIGHT 
George  L.  LeCato,  III 
Lynchburg  College 

Recent  experiemnts  indicate  that  spinach  seed  which  have  been  ex¬ 
posed  initially  to  red  light  during  a  twenty-five  hour  period  of  imbibition 
germinate  20-25%  better  than  untreated  seed.  Lots  of  500  and  1000 
seed  were  placed  in  shallow,  wooden  flats  (14"  x  16")  lined  with  steril¬ 
ized  aluminum  foil  and  paper  toweling.  These  were  then  covered  with 
two  layers  of  Dennison  red  cellophane  and  situated  12  inches  from  cool, 
white,  fluorescent  lamps  in  a  Sherer  growth  chamber.  Other  flats  cover¬ 
ed  with  heavy  aluminum  foil  provided  germination  chambers  in  which 
both  treated  and  control  seed  germinated  side  by  side  under  identical 
conditions.  All  seed  were  sprouted  in  the  dark  at  a  temperature  of 
59  °F.  Finally,  tests  were  made  in  which  seed  were  planted  in  soil  and 
germinated  under  ordinary  field  conditions.  By  showing  promise  of  greatly 
increased  yields,  the  findings  of  this  study  can  be  of  economic  importance 
in  the  commercial  growing  of  spinach  | 
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EFFECTS  OF  LIGHT  AND  TEMPERATURE  ON  THE  FORMATION 
OF  SEXUAL  STRUCTURES  IN  THE  FAMILY  SAPROLEGNIACEAE 

Philip  C.  Lee,  Jr.,  and  William  W.  Scott 
Roanoke  College  and  Virginia  Polytechnic  Institute 

Pure  cultures  of  Saprolegnia  ferax  (Gruith)  Thuret,  Achlya  americana 
Humphrey,  and  two  isolates  of  Saprolegnia  parasitica  Coker  were  grown 
in  a  chemically  defined  medium,  under  controlled  conditions  of  tempera¬ 
ture  and  illumination.  Light  inhibited  growth  and  oogonium  formation 
rates  in  S.  ferax  and  A.  americana.  Light  inhibited  zoospore  germination 
rates  in  A.  americana  and  the  growth  rate  of  S.  parasitica  isolate  2-27-59; 
S.  parasitica  isolate  6-28-60  was  not  apparently  affected  by  light.  Neither 
isolate  of  S.  parasitica  formed  sexual  structures  during  the  experiments. 
Differences  in  growth  responses  of  these  two  isolates  indicated  physiologi¬ 
cal  strain  differences.  Photoreactivation  was  demonstrated  in  S.  ferax 
and  both  isolates  of  S.  parasitica.  Evidence  was  shown  that  light  might 
be  causing  the  production  of  toxic  substances  in  the  medium,  and  that 
these  toxic  substances  might  have  caused  the  different  responses  to  illumina¬ 
tion  conditions.  The  blue  peroxychromic  test  for  hydrogen  peroxide  in 
the  medium  was  negative,  but  apparent  catalase  activity  was  demon¬ 
strated.  A  simple  medium  consisting  of  glucose,  soluble  starch  and  yeast 
extract  was  compared  with  the  chemically  defined  medium.  In  the  sim¬ 
pler  medium,  the  vegetative  growth  of  S.  ferax  and  A.  americana  was 
greater  in  light  than  in  darkness.  Several  experiments  and  suggestions 
were  made  concerning  the  life  cycles  of  these  fungi.  A  quantitative  pat¬ 
tern  of  oogonium  formation  was  shown. 


SEASONAL  CHANGES  IN  THE  TOTAL  DRY  WEIGHT  OF  FOLIAGE 
AND  BRANCHES  IN  A  VIRGINIA  PINE  STAND 

H.  A.  I.  Madgwick 
Virginia  Polytechnic  Institute 

A  stand  of  Virginia  pine  ( Pinus  virginiana)  was  sampled  periodically 
between  early  May  and  mid-December.  The  current-year-foliage  attain¬ 
ed  about  fifty  percent  of  its  final  weight  by  mid-June  but  continued  to 
increase  in  weight  until  mid-October.  The  total  weight  of  older  foliage 
decreased  throughout  the  growing  season  as  a  result  of  litter  fall.  Com¬ 
pared  with  their  values  at  the  beginning  of  the  growing  season  the  total 
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weight  of  one-year-old  needles  decreased  to  approximately  a  half  while 
two-year-old  needles  decreased  almost  to  nil.  The  growth  in  weight  of 
new  twigs  paralleled  that  of  new  leaves  but  the  ratio  of  leaf  to  twig 
weight  for  the  new  shoots  increased  from  approximately  one  in  mid-May 
to  four  at  the  end  of  the  season.  Lammas  growth  accounted  for  a  neg¬ 
ligible  amount  of  the  seasonal  growth  of  either  leaves  or  branches. 


DISTRIBUTION  OF  COCCOLITHOPHORES  IN  THE  NORTHWEST¬ 
ERN  SARGASSO  SEA 

Harold  G.  Marshall 
Biology  Department ,  Old  Dominion  College 

Phytoplankton  and  physical  data  were  obtained  from  three  cruises, 
aboard  the  R/V  EASTWARD,  in  waters  above  the  continental  shelf  and 
into  the  northwestern  Sargasso  eSa.  Emphasis  was  placed  on  the  iden¬ 
tification  of  Coccolithophoridaceae  and  their  spatial  distribution  in  these 
waters.  The  coccolithophores  were  the  most  numerous  phytoplankters 
at  two  deep  hydrocast  stations.  The  dinophyceae  and  bacillariophyceae 
were  common  in  the  upper  100  meters  but  rare  below  this  depth.  The 
majority  of  coccolithophores  were  concentrated  in  the  upper  30  meters, 
but  Coccolithus  haxleyi,  Michaelsarsia  asymmetrica,  and  Syracosphaera 
pulchra  were  found  below  1000  meters.  During  a  cruise  in  August  1965, 
five  hydrocast  series  were  made  along  a  transect  from  coastal  waters 
above  the  shelf  of  34°  30',  75°  29')  to  a  location  seaward  (34°  29', 
72°  10').  Water  samples  were  taken  to  a  depth  of  400  meters.  The 
hydrocast  series  were  repeated  at  this  last  station  every  three  hours  for 
a  24  hour  period.  Quantitative  data  concerning  the  spatial  distribution 
of  coccolithophores  and  total  phytoplankters  are  discussed  for  these  sta¬ 
tions.  Dominant  species  are  indicated  in  reference  to  locations  from 
coastal  waters  and  the  Sargasso  Sea,  vertical  stratification,  and  diurnal 
distribution  patterns.  Relationships  of  temperature,  salinity,  and  oxygen 
values  to  the  phytoplankton  concentrations  are  noted. 
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THE  EFFECTS  OF  MSX  ON  RESPIRATORY  ENZYME  ACTIVITY 
AND  KJELDAHL  NITROGEN  CONTENT  IN  THE  MANTEL  OF 
CRASSOSTREA  VIRGINICA 

William  L.  Mengebier 

Madison  College  and  Virginia  Institute  of  Marine  Science 

Mantle  homogenates  prepared  from  oysters  suspended  in  the  York 
River  from  May-September  1965  were  assayed  for  cytochrome  oxidase, 
succinic  dehydrogenase,  and  malic  dehydrogenase  activity  utilizing  a 
Gilson  Respirometer.  Nitrogen  determinations  were  performed  by  a  modi¬ 
fied  Kjeldahl  technique.  Significant  decreases  in  malic  dehydrogenase 
activity  and  in  the  total  nitrogen  content  of  animals  found  to  be  infected 
with  MSX  were  noted.  The  relationship  established  between  the  high 
activity  of  malic  dehydrogenase  and  the  total  Kjeldahl  nitrogen  content 
of  normal  tissue  as  compared  with  the  results  obtained  from  diseased 
specimens,  suggests  that  the  disease  may  be  altering  normal  metabolic 
pathways.  Supported  bv  NSF  GE  7615. 

SEXUAL  EXPRESSION  IN  FLOWERS  OF  CORYPHIOD  PALMS 

Leonard  Morrow 
Richmond  Professional  Institute 

The  transition  series  from  the  bisexual  to  the  unisexual  condition 
has  been  documented  in  28  genera  of  the  Coryphoideae.  The  basic  bi¬ 
sexual  flower  has  3  sepals,  3  petals,  6  stamens  and  3  uniovulate  carpels. 
In  the  derived  forms,  staminate  flowers  may  show  no  trace  whatsoever 
of  the  pistil,  whereas  the  pistillate  flowers  always  have  some  vestiges 
of  the  androecium,  and  are  thus  morphologically  bisexual.  This  is  ex¬ 
plained  in  terms  of  the  acropetal  development  of  the  flower.  Inter¬ 
mediate  stages  include  protandry,  abortion  of  ovules,  or  failure  to  pro¬ 
duce  ovules  which  yields  functionally  staminate  flowers.  Similarly,  fail¬ 
ure  to  produce  pollen  within  structurally  completed  anthers,  or  failure 
to  form  anther  sacs,  yields  functionally  pistillate  flowers. 
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WILLIAM  CABELL  RIVES — DISTINGUISHED  VIRGINIA 
ORNITHOLOGIST 

J.  J.  Murray 

Virginia  Society  of  Ornithology 

William  Cabell  Rives  III,  M.D.,  although  he  was  bom  outside  the 
State  and  spent  only  occasional  periods  of  his  life  in  the  State,  was  by 
ancestry  and  by  inclination  a  loyal  Virginian.  A  physician  by  profession, 
he  was  one  of  the  most  distinguished  ornithologists  of  modern  Virignia. 
His  chief  work,  “A  Catalogue  of  the  Birds  of  the  Virginias,”  is  the  most 
important  book  on  the  birds  of  the  State.  In  it  he  lists  305  species  and 
provides  a  history  of  ornithological  work  in  the  State  from  the  earliest 
days.  This  paper  is  a  discussion  of  Rives’  book  and  a  revision  of  the 
list  of  birds  known  from  Virginia. 


THE  INFLUENCE  OF  SATURATION  STOCKING  ON  THE 
COTTONTAIL  RABBIT 

Robert  A.  Neely 
Virginia  Polytechnic  Institute 

Thirty  cottontails  were  released  into  an  isolated  6.1-acre  rabbit 
thicket  which  contained  an  estimated  47  “native”  rabbits.  Continued  live 
trapping  of  marked  rabbits  from  these  two  populations  revealed  a  decline 
through  dispersal  from  the  area.  Finally  the  population  of  the  study  site 
returned  to  the  original  level. 


GROWTH  COMPARISONS  OF  FOUR  HARDWOOD  FOREST 
TREE  SPECIES 

Michael  E.  Newhouse 
Virginia  Polytechnic  Institute 

A  comparison  of  the  growth  rates  of  four  forest  tree  species  cover¬ 
ing  a  range  of  shade  tolerance  showed  that  the  intolerant  species  have 
a  faster  rate  of  dry  matter  increment  than  the  tolerant  species  during 
the  first  growing  season.  Growth  was  partitioned  into  two  main  com- 
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ponents,  net  assimilation  rate  (NAR)  and  leaf  area  ratio  (LAR),  for 
the  third  through  fifth  month  of  growth.  An  analysis  of  variance  showed 
non-significance  of  NAR  among  species  in  this  three  month  period. 
Significant  differences  between  species  were  found  for  individual  months, 
but  were  not  consistent  from  month  to  month.  An  analysis  of  variance 
showed  significant  differences  in  LAR  among  species.  The  fastest  grow¬ 
ing  species  had  the  largest  LAR.  Simple  interest  calculations  showed 
that  the  fastest  growing  species  also  increased  in  leaf  area  at  the  most 
rapid  rate. 


THEURIDINE  DIPHOSPHATE  GLUCOSE  TO  D-GLUCURONATE 

PATHWAY  IN  THE  BLUE  CRAB,  CALLINECTES  SAPIDUS 

RATHBUN 

Robert  L.  Puyear 

Old  Dominion  College 

Enzymes  localized  in  the  digestive  gland  of  the  blue  crab  oxidize 
uridine  diphosphate  glucose  (UDPG)  to  uridine  diphosphate  glucuronate 
(UDPGA),  to  form  glucuronides  and  glucuronate- 1 -phosphate  (GA-l-P) 
from  UDPGA.  The  enzyme  ^-glucuronidase  converts  the  glucuronides  to 
glucuronate  (GA)  while  the  enzyme  phosphatase  probably  converts  GA- 
l-P  to  GA.  Preliminary  observations  indicate  that  greater  amounts  of  GA 
are  formed  via  the  route  UDPGA  — >  GA-l-P^-  GA  than  UDPGA— >  Glu- 
curonide— >  GA.  These  results  were  obtained  from  digestive  gland  tissue 
homogenized  in  0.154  M  KC1  with  the  exception  of  uridine  diphosphate 
glucose  dehydrogenase  which  was  prepared  as  an  acetone  powder.  Fur¬ 
ther  investigations  should  demonstrate  the  importance  of  this  pathway  in 
the  formation  of  ascorbic  acid  , mucopolysaccharides  and  glucuronides  in 
the  blue  crab  and  possiblv  other  crustaceans.  (Supported  by  a  grant  from 
NSF). 

A  BIOSYSTEMATIC  STUDY  OF  THE  GENUS  CIMICIFUGA 

(RANUNCULACEAE),  WITH  EMPHASIS  ON  CIMICIFUGA 
RUBIFOLIA  KEARNEY 
Gwynn  W.  Ramsey 
Lynchburg  College 

A  biosystematic  study  of  the  genus  Cimicifuga  has  been  made  on  a 
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world- wide  basis.  Herbarium  specimens  of  all  species  and  field  popula¬ 
tions  of  all  North  American  species  have  been  studied  in  an  attempt  to 
distinguish  the  biotypes  within  the  genus.  Comparisons  between  the 
North  American  and  Eurasian  species  have  been  made  by  using  several 
techniques  which  utilize  taxonomic,  phytogeographic,  ecologic,  biometric, 
and  gross  morphologic  data.  Recent  investigations  show  that  Cimicifuga 
cordifolia  Pursh  and  Cimicifuga  racemosa  (L.)  Nutt.  var.  cordifolia  (Pursh) 
Gray  have  not  been  well  understood.  They  have  been  confused  with 
C.  rubifolia.  C.  cordifolia  Pursh  appears  to  be  a  biotype  of  C.  americana 
Michx.  and  C.  rubifolia  is  a  distinct  species.  The  distribution  of  C.  rubi¬ 
folia  has  been  extended  beyond  its  previously  published  range. 

THE  RELICT  FLORA  COMMUNITIES  OF  A  RAVINE  CONTROL¬ 
LED  BY  MICROCLIMATE  ON  THE  UPPER  PIEDMONT 
IN  CENTRAL  VIRGINIA 

William  F.  Rusk  a,  Jr.  and  W.  S.  Hooks 
Lynchburg  College 

An  old  Oak-Chestnut  ravine  on  the  Upper  Piedmont  in  Central  Vir¬ 
ginia  was  investigated  in  regard  to  microclimate  to  prove  the  existence 
of  relict  plants.  Six  communities  of  the  ravine  area  were  described.  These 
graded  between  mesic  and  xeric.  Maximum  and  minimum  mean  tem¬ 
peratures  were  correlated  with  the  Koppen  System  of  Climate  Classifica¬ 
tion  and  it  was  found  that  the  ravine  bottom  was  comparable  in  mean 
temperature  and  precipitation  to  the  Northern  Appalachian  Highlands. 
By  projecting  the  results  it  is  believed  the  ravine  bottom  is  also  com¬ 
parable  to  Northern  Wisconsin  and  Michigan  as  well  as  southern  Canada. 
A  possible  post  climax  controlled  partially  or  in  full  by  microclimate  was 
postulated. 

GERMINATION  OF  THE  SEED  AND  FORMATION  OF  THE 
YOUNG  BULBLET  OF  LILIUM  REGALE 

A.  M.  Show  alter 
Madison  College 

The  embryo,  slender  and  almost  straight,  of  mature  seed  lies  free 
from  attachment  within  the  endosperm  and  consists  mostly  of  cotyledon. 
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In  germination  the  distal  portion  of  the  cotyledon  elongates  pushing  the 
stem-root  primordium  out  of  the  endosperm  and  testa.  Further  elonga¬ 
tion  of  the  cotyledon  pushes  the  root  tip  and  stem  primordium  down¬ 
ward  in  the  culture  medium.  The  cotyledon  has  been  mistaken  for  a 
hypocotyl  by  some  botanists.  Later  the  cotyledon  elongates  upward  and 
becomes  leaf  like,  and  its  base  enlarges  laterally  forming  the  first  bul 
scale.  The  stem  remains  short  —  a  mere  node.  A  primary  vascular 
axis  is  formed  early  in  germination  and  extends  throughout  cotyledon, 
stem,  and  root.  Excised  cotyledons  show  remarkable  capacity  for  regen¬ 
eration.  The  apical  meristem  develops  slowly  and  gives  rise  to  the 
plumule  and  adventitious  roots. 

SEX  RATIO  IN  PEROMYSCUS  POPULATIONS 

C.  Richard  Term  an  and  Jan  F.  Sassaman 
Laboratory  of  Population  Ecology,  Biology  Department 
College  of  William  and  Mary 

Studies  of  natural  deermouse  populations  have  recorded  significantly 
more  males  than  females  (.005>P).  Since  most  studies  have  utilized 
trapping  techniques,  larger  home  ranges  and  greater  wandering  tenden¬ 
cies  of  males  with  consequent  greater  trap  exposure  have  been  suggest¬ 
ed  to  explain  the  excess  of  males.  However,  tabulation  of  the  sex  ratio 
at  birth  of  425  litters  from  a  laboratory  colony  of  Peromyscus  maniculatus 
bairdii  indicate  significantly  more  males  than  females  produced  (.025> 
P).  The  relationship  of  these  results  to  the  dynamics  of  natural  popula¬ 
tions  will  be  discussed. 


HYMENOSTOME  CILIATES  FROM  THE  VIRGINIA  COAST 

Jesse  C.  Thompson,  Jr. 

Hampden-Sydney  College 

Marine  hymenostome  ciliates  were  collected  from  the  Potomac  (near 
Fairview  Beach)  and  York  (near  Gloucester  Point)  Rivers  and  from 
the  ocean  side  of  Cedar  Island  (near  Wachapreague) .  Detailed  morpho¬ 
logical  studies  were  made  with  phase  microscopy  and  the  Chatton-Lwoff 
silver  impregnation  technique.  Five  new  genera  and  several  new  species 
have  been  described.  Work  is  still  in  progress  on  other  hymenostome 
ciliates  collected. 
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INDICATIONS  OF  CELLULAR  SPECIALIZATION  FOR  SPECIFIC 
FLIGHT  CHARACTERISTICS  IN  BIRDS 

Robert  A.  Wallace 

Richard  Bland  College  of  the  College  of  William  and  Mary 

The  wide  range  of  flying  abilities  among  bird  species  is  well  known. 
There  is  evidence  that  these  variations  in  ability  exist  not  only  because 
of  gross  anatomcal  differences  but  also  because  of  specialization  at  the 
cellular  level.  This  study  indicates  that  certain  specific  flight  characteris¬ 
tics  may  be,  in  part,  due  to  histochemical  and  quantitative  specialization 
of  the  pect oralis  major  muscle  fibers.  Two  tissue  samples  were  excised 
from  contralateral  pectoralis  major  muscles  for  the  quantitative  and  his¬ 
tochemical  determinations.  The  principle  employed  in  the  quantitative 
method  was  the  colorimetric  determination  of  reduced  tetrazolium  salt, 
a  modification  of  the  technique  used  by  Nunnally  (1962).  The  histo¬ 
chemical  procedure  was  one  described  by  Pearse  (1960),  utilizing  the 
reduction  of  nitro-blue  tetrazolium  in  the  presence  of  succinate.  The 
quantitative  results  indicate  a  correlation  between  the  distance  a  migra¬ 
tory  species  would  be  expected  to  fly  during  its  natural  history,  taken 
as  the  distance  between  wintering  and  breeding  grounds,  and  the  amount 
of  succinic  dehydrogenase  (considered  to  represent  the  respiratory  enzyme 
complex)  present  in  the  flight  muscles.  The  histochemical  experiments 
appear  to  indicate  cellular  specialization  of  flight  muscles  which  may  be 
especially  significant  in  ground-feeding  birds. 

DEVELOPMENT  OF  THE  OLD  DOMINION  COLLEGE 
ARBORETUM 

James  R.  Wells 
Old  Dominion  College 

A  cooperative  effort  between  Old  Dominion  College  and  the  City 
of  Norfolk  has  resulted  in  the  formation  of  the  ODC  Arboretum.  In 
May  1965  the  City  made  available  on  a  long-term  basis  approximately 
28  acres  of  wooded  land  within  the  Norfolk  Botanical  Garden.  This  land 
is  currently  valued  at  one-half  million  dollars  and  is  only  6  miles  from 
the  campus.  Some  plans  for  development  will  be  discussed. 
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SECTION  OF  CHEMISTRY 

KINETICS  OF  THE  BASE  CATALYZED  ISOMERIZATION  AND 
HYDRATION  OF  BUTADIENE  SULFONE 

L.  K.  Brice,  W.  M.  Chang  and  J.  E.  Smith, 

Virginia  Polytechnic  Institute 

Kinetic  measurements  have  been  made  of  the  base  catalyzed  isomer¬ 
ization  and  hydration  of  y—  and  f$— butadiene  sulfone.  The  reaction 
can  be  described  by  the  mechanism:  A1±^A2— >A3,  where  Ax  is  the 
/3— isomer,  A2  the  a— isomer  and  A3  the  alcohol  resulting  from  the  hydra¬ 
tion  of  A2  .  Both  reactions  are  first  order  in  hydroxide  ion  and  in  the 
reacting  isomer.  The  rates  were  measured  by  U.  V.  and  gas  chromato¬ 
graphic  analysis.  Rate  constants  and  activation  parameters  for  the  reac¬ 
tions  have  been  obtained. 

A  method  of  obtaining  rate  constants  for  complex  reactions  of  the  type 
described  will  be  presented.  It  is  shown  that  the  relative  rate  constants 
can  be  obtained  from  the  values  of  the  concentrations  of  A1  ,  A2  and  A3 
at  the  time  when  the  concentration  of  the  intermediate  goes  through  a 
maximum  value. 


KINETICS  OF  THE  HYDROLYSIS  OF  NITROSTYRENES 

Thomas  I.  Crowell 
University  of  Virginia 

Like  most  organic  reactions  in  solution,  the  hydrolysis  of  3,4— methy- 
lenedioxy— /3— nitrostyrene  is  complex  and  proceeds  in  a  series  of  steps. 
Many  of  these  show  acid  or  base  catalysis,  therefore  the  reaction  was 
studied  in  buffer  solutions  in  the  pH  range  1-13  to  discover  the  rates  of 
the  steps.  The  intermediate  nitroalcohol  can  be  isolated  and  studied. 
The  results  show  some  interesting  mechanistic  features,  including  the  nuc¬ 
leophilic  addition  of  a  water  molecule  to  the  double  bond.  The  mechan¬ 
ism  of  the  reverse  reaction,  the  condensation  of  piperonal  and  nitrome- 
thane,  is  elucidated. 
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MONOCARBONYL  COMPOUNDS  AS  PRODUCTS  OF  THE 
AUTOXIDATION  OF  TISSUE  LIPIDS  IN  THE 
VITAMIN  E-DEFICIENT  RAT 

Nancy  M.  Derrick  and  Lawrence  A.  Wishner 
Mary  Washington  College  of  the  University  of  Virginia 

The  autoxidation  of  polyunsaturated  lipids  in  the  tissues  of  vitamin 
E— deficient  animals  has  been  supported  in  the  past  by  the  measurement 
of  Peroxide  Values  and  2— Thiobarbituric  Acid  Values.  The  inadequacy 
of  these  methods  is  discussed  and  the  validity  of  monocarbonyl  analysis 
as  a  more  adequate  measure  is  presented.  Male  weanling  rats  were  fed 
vitamin  E— deficient  and  vitamin  E— supplemented  diets  containing  5% 
corn  oil  or  cod-liver  oil  for  16  weeks,  after  which  their  epididymal  and 
perirenal  fat  pads  were  removed,  extracted,  and  the  lipid  extracts  allowed 
to  react  with  2,4— dinitrophenylhydrazine.  The  isolation  and  reaction  were 
carried  out  under  a  nitrogen  atmosphere.  The  2,4— dinitrophenylhydra- 
zones  were  isolated  and  identified  by  their  chromatographic  and  spectral 
properties.  Fatty  acid  compositions  were  determined  by  gas-liquid  chro¬ 
matography.  The  vitamin  E— deficient  cod-liver  oil-fed  rats,  exhibiting 
incisor  depigmentation  and  darkening  of  adipose  tissue,  yielded  lipids 
which  had  a  lower  Iodine  Value,  contained  less  C20  and  C22  polyunsaturat¬ 
ed  fatty  acids,  and  contained  more  monocarbonyl  compounds,  particularly 
alkanals  and  alk— 2— enals,  the  typical  products  of  autoxidation,  than  the 
lipids  from  the  animals  fed  the  vitamin  E— supplemented  cod-liver  oil 
diet.  The  total  monocarbonyl  content,  however,  was  equivalent  to  a 
Peroxide  Value  of  less  than  1.0.  The  tissues  of  the  vitamin  E— deficient 
corn  oil-fed  rats  also  yielded  more  monocarbonyl  compounds  than  those 
of  the  control  group.  Somewhat  higher  levels  were  observed  in  the  cod- 
liver  oil  control  than  in  the  corn  oil  control.  The  results  indicate  that 
there  is  a  low  level  of  autoxidation  in  the  tissue  lipids  of  vitamin  E— 
defiicent  animals. 
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A  STUDY  OF  THE  BORON-CURCUMIN  SYSTEM  ELUCIDATION  OF 
THE  STRUCTURES  OF  BORON-CURCUMIN  COMPLEXES  BY 
MOLECULAR  WEIGHT  DETERMINATIONS 

John  B.  Forehand,  Philip  Morris  Research  Center , 
and  W.  Allan  Powell,  University  of  Richmond 

By  means  of  molecular  weight  and  molar  ratio  determinations  using 
a  Mechrolab,  Model  301  Vapor  Pressure  Osmometer,  it  was  found  that 
boric  acid,  curcumin,  and  oxalic  acid  react  to  form  a  monomeric  1:1:1 
complex  as  an  aqueous  solution  of  these  three  compounds  evaporates  to 
dryness.  In  the  absence  of  oxalic  acid,  a  1:1  curcumin  boron  reaction 
occurs.  The  methods  used  as  well  as  the  experimental  results  are  pre¬ 
sented. 

THE  SIMULTANEOUS  ASSAY  OF  CALCIUM-45  AND  STRON- 
TIUM-89  IN  DOUBLE  LABELLED  SAMPLES  BY  LIQUID 
SCINTILLATION  COUNTING 

J.  E.  Hardcastle  and  W.  H.  Fuller 
University  of  Arizona,  Tucson,  Arizona 

The  chloride  salts  of  the  Ca-45  and  Sr-89  samples  are  dissolved  in 
a  di-n-propyl  phosphate  :  toluene  (1:3)  solution  containing  scintillation 
fluors.  These  samples  are  then  counted  in  a  two  channel  liquid  scintilla¬ 
tion  spectrometer.  Though  it  is  not  possible  to  effect  a  complex  separa¬ 
tion  of  the  two  beta  energy  spectrums,  the  spectrometer  settings  can  be 
adjusted  to  contain  all  the  counts  from  the  lower  energy  isotope  in  one 
channel.  To  be  able  to  calculate  the  activity  of  each  isotope  two  simul¬ 
taneous  equations  must  be  solved.  The  solutions  to  these  equations  are: 

Ca-45  activity  = 

Channel  I— Channel  II  (cpm  Sr-89  Channel  I/cpm  Sr-89  Channel  II) 
Ca-45  efficiency  in  Channel  I 

Channel  II 

Si  89  activity  grgg  efficiency  in  Channel  II 

However  the  Channel  II  count  rate  must  be  corrected  for  Sr-90  that  is 
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present  in  commercial  supplies  of  Sr-89.  With  this  system  it  is  possible 
to  solubilize  up  to  50  Qmg  of  CaCl2  and  50  mg  of  SrCl2  with  resulting 
counting  efficiencies  of  over  80%  for  both  isotopes.  A  precision  of  better 
than  1%  can  be  obtained.  This  method  has  been  used  for  the  radioassay 
of  plant  and  soil  samples  containing  Ca-45  and  Sr-89. 


AROMATIC  CYCLODEHYDRATION  -  A  COMPARATIVE  RATE 

STUDY 

Paul  D.  Henson,  Terry  St.  Clair  and  Richard  Giglio, 
Roanoke  College 

Acid  catalyzed  aromatic  cyclo dehydration  rates  of  several  ketones 
have  been  determined  in  anhydrous  and  hydrous  hydrobromic-acetic  acid 
mixtures.  A  spectrophotometric  method  of  analysis  was  used  and  the 
relative  rates  were  interpreted  in  view  of  a  currently  accepted  mechan¬ 
ism  for  aromatic  cyclodehydration.  From  the  specific  rate  constants  deter¬ 
mined  at  various  temperatures,  Arrhenius  activation  energies  were  cal¬ 
culated.  Reactions  which  proceeded  at  faster  rates  were  found  to  have 
correspondingly  higher  activation  energies.  The  latter  was  explained  by 
a  “thermodynamic”  treatment  of  the  reaction  rates.  The  compounds 
studied  were  svnthesized  by  known  reaction  paths. 

VARIATION  OF  THE  RADIUS  OF  GYRATION  WITH  THE  SEC¬ 
OND  VIRIAL  COEFFICIENT  FOR  A  NONPOLAR  POLYMER  IN 
A  POLAR  SOLVENT 

W.  L.  Hunter  and  D.  W.  Monk 
Virginia  Polytechnic  Institute 

Over  the  past  several  years,  equations  have  been  obtained  that  pro¬ 
vide  means  of  estimating  the  unperturbed  dimensions  of  polymer  mole¬ 
cules  from  measurements  in  thermodynamically  favorable  solvents.  Of 
these  equations,  that  of  Krigbaum  (J.  Polymer  Sci.,  18,  315  (1955)) 
has  probably  been  used  more  than  others.  This  equation  has  been  found 
to  work  for  some  polar  polymers  dissolved  in  polar  solvents  (Refs.).  We 
have  attempted  to  further  evaluate  the  applicabiltiy  of  the  equation  using 
light  scatering  data  obtained  from  a  nonpolar  solute  in  a  polar  solvent. 
The  nonpolar  polymer  used  in  this  investigation  was  polystyrene.  The 
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polar  solvent  consisted  of  a  mixture  of  dimethylformamide  (solvent)  and 
propylene  carbonate  (nonsolvent).  This  is  an  isorefractive  pair  and  the 
solvent  power  (and  thus  the  second  virial  coefficient,  A2  ,  and  the  aver¬ 
age  radius  of  gyration,  <S2>1/2)  could  be  varied  continuously  at  25°C 
by  changing  the  relative  amount  of  nonsolvent  present.  Rearrangement 
of  Krigbaum’s  equation  gives 


5.0  X  10-3 


A2  Mw 

[r)]0 


+  1  = 


<S2>3/2 

<S20>3/2 


where  [77]  is  the  intrinsic  viscosity  and  the  subscript  0  indicates  any  pa¬ 
rameter  unperturbed  by  interactions  with  the  solvent.  The  values  of 


<S2>V2  ,  <S02>V'2,  Mw 


and  A2  can  easily  be  obtained  from  light  scatering.  If 

<s2>3/2  /  <s02>2/3 


is  plotted  against  A2  a  straight  line  should  be  obtained.  The  slope  of 
this  line  is  given  by  5  x  10-3  M /[rj]  6  and  [77]  0  can  therefore  be  cal¬ 
culated.  This  value  of  [77]  0  can  be  compared  to  that  obtained  from 
actual  viscosity  measurements. 


UNDERGRADUATE  QUALITATIVE  ORGANIC  ANALYSIS: 

AN  OCTOPUS 

Norman  J.  Johnston 
Virginia  Polytechnic  Institute 

The  incorporation  of  modern  advances  in  spectroscopy  (U.  V.,  I.  R., 
N.  M.  R.,  Mass)  and  chromatography  (thin  layer,  gas-liquid)  into  an 
undergraduate  qualitative  organic  analysis  course  will  be  discussed.  Lec¬ 
ture  and  laboratory  content  will  be  presented  and  the  fundamental  role 
of  an  organic  analysis  course  in  an  undergraduate  curriculum  critically 
analyzed. 
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NOVEL  PHOTOCHEMISTRY  OF  HIGHLY  PHENYLATED 
SYSTEMS,  USING  ISOTOPE  TRACING 
PART  I.  PHOTOCYCLIZATION  OF  A  HIGHLY  PHENYLATED  p, 
7-UNSATURATED  KETONE  TO  A  CYCLOPROPYL  KETONE, 
INVOLVING  BENZOYL  GROUP  MIGRATION. 

PART  II.  TETRAPHENYLFURAN  2,5-ENDOPEROXIDE  FROM 
PHOTOOXYGENATION,  AND  OXYGEN-18  TRACING  OF  ITS 
SOLID  STATE  REARRANGEMENT.  THE  TRANS-DIEPOXIDE 
AND  CYCLIC  PEROXIDES. 

Robert  E.  Lutz,  Linwood  P.  Tenney,  O.  Wayne  Rigdon  and 
David  W.  Boykin,  Jr. 

University  of  Virginia 

Part  I.  Irradiation  in  benzene  of  p,  y— unsaturated  ketone,  1, 2,4,4— 
tetraphenyl— 3-butene- 1 —one  (I),  produced  8%  of  cyclopropyl  ketone, 
trans—1— benzoyl— 2,2,3— triphenylcyclopropane  (II),  and  involved  group 
migration.  II  was  synthesized  by  photocondensation  of  diphenyldiazome- 
thane  with  trans-chalcone,  and  underwent  acid  catalyzed  rearrangement 
to  isomeric  /?,  y— unsaturated  ketone,  1,3,4,4—tetraphenyl— 3— butene— 1— 
one  (III)  (configuration  based  on  nmr).  To  determine  the  migrating 
group,  ketones— I  carbon— 14  labeled  respectively  at  carbon— 2  and  in  the 
4— phenyl  were  photorearranged  to  II  and  thence  to  III,  which  was 
oxidized  to  benzoic  acid  and  benzophenone.  The  positions  of  the  label 
in  the  latter  proved  that  the  benzoyl  of  I  had  migrated.  These  results 
were  confirmed  by  nmr  spectral  comparisons  of  3— deuteri o— II  (from 
irradiation  of  2— deuterio— I )  with  1— deuterio— II  (from  II  by  base-catalyz¬ 
ed  D-exchange).  Two  allowable  mechanisms  for  benzoyl  group  migra¬ 
tion  in  I  — >  II  involve:  photo-cyclo-condensation  of  C  =  O  and  C  =  C  of 
I  to  an  intermediate  bicyclic  oxetane,  or  cleavage  to  and  recombination  of 
radicals. 

Part  II.  Tetraphenvlfuran-2,5-endoperoxide,  a  ring  ozonide,  has  been 
made  by  methaylene  blue  sensitized  photo-oxvgenation  of  the  furan  in 
acetone  at  —70°.  It  was  de-oxvgenated  on  a  hot  stage  (120°).  Room 
temperature  solid  state  rearrangement  (2  days)  gave  the  tetrahvdrofuran- 
trans-2, 3-4, 5-diepoxide,  cis-dibenzoylstilbene  oxide  and  phenvldibenzovl- 
methane  enol  benzoate.  For  tracing  these  arrangements  oxygen-18  could 
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be  introduced  into  cis  (but  not  into  trans)  dibenzoylstilbene  and  dibenzoyl- 
dichloroehylene  by  acid  catalyzed  equilibration  with  0-18  water,  utilizing 
interactability  of  cis  (but  not  trans)  carbonyl  groups  ( semiquantitative 
analyses  for  0-18  were  by  IR).  Rearrangement  of  labeled  endoperoxide 
gave  cis-0(18)-dibenzoylethylene-0(16)-oxide,  and  the  diepoxide  with 
0-18  in  its  oxirane  rings,  which  supported  the  trans  configuration.  Con¬ 
certed  mechanisms  involving  endoperoxide  7r ,  p  orbital  overlap  and  hy¬ 
bridization,  and  2,5-2,3-peroxy  valence  tautomerism,  are  postulated  for 
collapse  and  rearrangement  in  the  solid  state.  Representative  unstable  5- 
and  6-membered  cyclic  peroxy  diketals,  sesquiketals  and  dihemiketals  are 
obtained  by  hydrolysis  or  alcoholysis  of  the  endoperoxide,  and  by  addition- 
cyclization  through  the  carbonyl  groups  of  cis-dibenzoylstilbene  and  cis- 
dibenzoyldichloroethylene. 


ALKYLATIONS  OF  2,2',3,3'-TETRAPHENYLDIPROPIONAMIDE 
THROUGH  ITS  TRIALKALI  SALT 

Chung-Ling  Mao  and  James  F.  Wolfe 
Virginia  Polytechnic  Institute 

The  1,3,5-tripotassio  salt  of  2,2/,3-3'-tetraphenyldipropionamide,  which 
was  prepared  from  the  parent  compound  by  means  of  three  molecular 
equivalents  of  potassium  amide  in  liquid  ammonia,  underwent  C-alkyla- 
tion  with  benzyl  chloride,  ethyl  bromide  and  n-butyl  bromide  to  afford 
monoalkyl  derivatives  in  good  yields.  The  structures  of  these  products, 
all  of  which  apepar  to  be  new  compounds,  were  established  by  spectral 
and  chemical  studies. 


THE  THERMAL  DECOMPOSITION  OF  ETHYL  HYDROXYQUINO- 
LINE  CARBOXYLATES  AND  RELATED  COMPOUNDS 

D.  G.  Markees 

Wells  College,  Aurora,  New  York 

Thermal  decompositions  of  various  ethyl  hydroxyquinolinecarboxylates 
and  relate  compounds  were  carried  out.  Ethyl  4-hydroxyquinaldate  de¬ 
composed  on  heating  to  give  C02 , 4-ethoxyquinoline,  N-ethyl-4-quinolone, 
and  ethyl  4-ethoxyquinaldate.  Heating  of  4-ethoxyquinaldic  acid  produced 
predominantly  4-ethoxyquinoline,  but  a  small  amount  of  ethyl  4-hydroxy¬ 
quinaldate  was  also  isolated  from  this  reaction  The  decomposition  of 
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ethyl  4-hydroxyquinoline-3-carboxylate  furnished  C02  ,  4-ethoxyquinoline, 
and  N-ethyl-4-quinolone,  but  no  ethyl  4-ethpxyquinoline-3-carboxylate 
was  detected.  This  ester  was  prepared  by  an  alternate  route  and  it  was 
found  that  under  both  acidic  and  alkaline  conditions  hydrolysis  of  the 
ester  as  well  as  ether  cleavage  took  place.  The  decomposition  of  similar 
benzoquinoline  derivatives  was  also  studied.  Besides  C02  the  only  prod¬ 
ucts  isolated  were  4-ethoxybenzo[h] quinoline  from  ethyl  4-hydroxybenzo 
[h]quinoline-3-carboxylate,  and  N-ethylbenzo[f]quinolone-l  from  ethyl  1- 
hydroxybenzo[f]quinoline-2-carboxylate.  Theoretical  implications  of  these 
results  will  be  discussed. 


THE  KINETICS  OF  THE  CHROMIUM  (VI)-ARSENIC  (III) 
REACTION  IN  PHOSPHATE  BUFFERS 

John  G.  Mason,  Albert  D.  Kowalak,  and  R.  Michael  Tuffle 
Virginia  Polytechnic  Institute 

The  oxidation  of  As  (III)  by  Cr(VI)  has  been  studied  as  a  function 
of  Cr(VI),  As  (III),  and  buffer  concentration  for  H2P04— — HP04==  buf¬ 
fers  over  the  pH  range  5.30  —  7:40.  The  reaction  is  first  order  in  As  (III), 
first  order  in  Cr(VI),  and  a  complex  function  of  pH  and  buffer  composi¬ 
tion.  The  results  can  be  expressed  in  the  form  of  the  rate  law 

-  d[Cr ( VI) ]t  _  («!  A  +  «2  B)  [H2  P04-]  [As(III)  ]  [Cr(II)]t 

dt  1  -j-  «2  C[H2  PO4-  ]  H-  oco  C[HP04~] 

where  A,  B,  and  C  are  parameters,  a4  is  the  fraction  of  Cr(VI)  present  as 
HCr04— ,  and  a2  is  the  fraction  of  Cr(VI)  present  as  Cr04=.  The  data 
can  be  interpreted  in  terms  of  a  Cr(VI)  complex,  CrO*-.  H2P04— ) 
which  is  an  effective  oxidant  for  As  ( III ) . 


THE  SOLUBILITIES  OF  SILVER  SALTS  IN  MOLTEN  NITRATES 

Dayton  T.  Miller  and  William  J.  Watt 
Washington  and  Lee  University 

Solubility  studies  were  made  on  the  system  Ag2S04  in  a  50  mole 
%  mixture  of  molten  KNOs— NaN03  by  visual  observation  of  the  precipita¬ 
tion  point.  The  temperature  of  the  solution  was  recorded  at  the  first 
appearance  of  precipitate.  Some  sample  solubilities  of  Ag2S04  in  this 
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system  for  various  temperatures  are  as  follows: 


mole  %  Ag0S04 

temp,  of  ppt. 

0.04317* 

560.2 

0.04508 

567.4 

0.05156 

577.9 

0.05611 

589.0 

These  data  plus  data  from  potential  studies  made  on  this  system  by  Doug¬ 
las  Bell  will  be  used  to  calculate  the  heat  of  solution  for  Ag2S04  in 
50  mole  %  KN03— NaN03  .These  results  will  be  compared  with  similar 
studies  of  Ag2SQ4  in  pure  KNQ3  and  pure  NaN03  .  Another  study 
was  made  of  the  system  2  AgNOs  +  K2Cr04  in  molten  KN03  with  the 
hope  of  determining  the  solubilities  of  Ag2Cr04  at  various  temperatures 
in  molten  KNOs  ,  but  the  solid  that  precipitated  was  found  to  be  Ag2 
Cr207  .  This  study  will  be  reported. 

THE  RELATIVE  EFFECT  OF  COMPLEXING  OF  IONS  AND 

INTERIONIC  ATTRACTIONS  IN  THE  VARIATION  OF  THE 
SOLUBILITY  PRODUCT 

Sharon  Payne  and  Mrs.  Martha  L.  Walsh 
McLean  High  School 

The  object  of  my  project  was  to  develop  a  quantitative  method 
illustrating  the  relative  effect  of  complexing  of  ions  and  interionic  attrac¬ 
tions  in  the  variation  of  the  solubility  product  with  molar  concentrations 
of  potassium  iodide  and  mercuric  nitrate  solutions.  I  found  that  the  pre¬ 
viously  accepted  solubility  product  constant  was  not  constant  but  varied 
increasingly  with  molar  concentrations  of  solutions  titrated,  through  recipro¬ 
cal  titrations  of  potassium  iodide  and  mercuric  nitrate  solutions.  My 
project  was  divided  into  five  parts:  Illustrating  the  variation  of  the  solu¬ 
bility  product;  Illustrating  the  formation  of  the  complex  ion,  Hgl4=  ; 
Measuring  the  complex  ion  formation;  Recalculating  the  solubility  prod¬ 
uct;  and  Measuring  the  activity  between  the  ions  in  solutions.  I  illus¬ 
trated  the  formation  of  the  complex  ion  using  Job’s  continuous  variation 
graph,  measured  the  complex  ion  formation  using  Beer’s  Law,  and  meas¬ 
ured  the  activity  between  the  ions  using  Debye-Huekel’s  limiting  formula. 
Through  the  use  of  the  Bausch  and  Lomb  Spectronic  20  Spectrophoto¬ 
meter,  the  Mettler  Balance  and  these  principles,  I  found  that  complex¬ 
ing  of  ions  had  the  greatest  effect  on  the  variation  of  the  solubility  prod¬ 
uct  at  greater  concentrations,  and  as  the  concentrations  decreased  the 
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complexing  of  ions  became  the  only  significant  faotor  in  the  variation  of 
the  solubility  product. 


KINETICS  OF  OXIDATION  OF  COPPER  SINGLE  CRYSTALS  IN 
AQUEOUS  SOLUTIONS  OF  Cu(OAc)2 

W.  W.  Porterfield  and  G.  Tyler  Miller,  Jr. 

Hampden-Sydney  College 

The  kinetics  of  formation  of  Cu2  on  the  three  principal  faces  of 
Cu  metal  monocrystals  are  reported  and  correlated  with  the  surface  micro¬ 
topography.  A  novel  technique  is  described  for  the  determination  of 
surface  areas  of  small  metal  samples.  Over  extended  periods  of  time 
the  relative  rates  of  oxide  formation  are  found  to  be:  100  >  111  >  110; 
the  forms  of  the  rate  curves,  however,  differ  markedly.  The  specific 
forms  of  the  rate  curves  on  the  three  faces  are  accounted  for  by  a  pro¬ 
posed  mechanism  in  which  the  rate-controlling  step  is  the  drift  velocity 
of  positive  holes  through  the  Cu20  film.  This  mechanism  also  correctly 
indicates  the  microtopography  on  the  basis  of  the  previously  observed 
epitaxial  relationships. 

A  STUDY  OF  TH  EGEOMETRICAL  DEMONDS  OF  THE  ALLYL 
FREE  RADICAL  SYSTEM  USING  A  RIGID  STEREOCHEMICAL 

MODEL 

O.  R.  Rodig  and  G.  Drinkard 
University  of  Virginia 

Free  radical  ally  lie  bromination  using  N-bromo-succinimide  is  used 
to  probe  the  magnitude  of  the  driving  force  necessary  for  an  allylic  free 
radical  to  achieve  co-planarity.  Selected  steroids  are  employed  as  a  rigid 
framework  and  allyl  radicals  are  generated  at  positions  where  co-planarity 
of  the  allyl  system  is  resisted  by  tortional  energy  barriers.  The  results 
are  analyzed  with  the  aid  of  deuterium  labeling  and  NMR  analysis  and 
give  information  on  the  hybridization  of  the  atomic  orbital  containing 
the  free  electron.  The  findings  should  prove  useful  in  predicting  the 
tereochemistry  of  allylic  free  radical  reactions.  Some  interesting  long 
range  conformational  transmission  effects  will  also  be  discussed. 


296  The  Virginia  Journal  of  Science  [September 

THE  SMILES  REARRANGEMENT  OF  THE  3-AMINO-2,2'- 
DIPYRIDYL  SULFIDE  SYSTEM 

O.  R.  Rodig,  R.  E.  Collier  and  R.  K.  Schlatzer 
University  of  Virginia 

The  Smiles  rearrangement  is  an  intramolecular  nucleophilic  aromatic 
substitution  reaction  resulting  from  the  migration  of  an  aromatic  ring 
from  one  hetero  atom  to  another.  The  conditions  which  affect  this  rear¬ 
rangement  in  the  3-amino-2,2'-dipyridyl  sulfide  system  (I)  have  been 
investigated  as  a  prelude  to  the  study  of  the  transmission  of  substituent 
effects  in  pyridine  rings.  Factors  which  remarkably  affect  this  rearrange¬ 
ment  will  be  discussed,  together  with  their  implications. 


EFFECT  OF  pH  ON  THE  OXIDATION  OF  COPPER  SINGLE 
CRYSTALS  IN  (AQUEOUS  SOLUTIONS  OF  CuS04 
AND  Cu(C2H302) 

D.  B.  Scott  and  G.  T.  Miller,  Jr. 

Hampden-Sydney  College 

Previous  studies  on  the  oxidation  of  copper  single  crystals  in  aqueous 
solutions  of  copper  salts  demonstrated  that  the  topography  of  the  oxide 
formed  at  a  pH  of  4.3  was  controlled  by  the  anion  present.  Polvhedra 
of  Cu20  formed  in  solutions  of  CuS04  while  relatively  smooth  films  of 
Cu20  formed  in  Cu(C2H302)2  solutions.  Relative  rates  of  oxidation  on 
the  (100),  111),  and  (110)  faces  of  Cu  in  Cu(C2H302)2  were  deter¬ 
mined  previously  and  a  mechanism  was  proposed  for  the  system. 

The  present  study  represented  an  attempt  to  gain  additional  support 
for  the  proposed  mechanism  and  to  extend  the  previous  results  bv  study¬ 
ing  the  effect  of  pH.  As  the  pH  was  decreased  below  4.3,  it  was  found 
that  in  both  systems  there  was  a  general  increase  in  the  number  of  indi¬ 
vidual  polyhedra  appearing  on  the  surface.  Although  the  number  and 
shape  of  polyhedra  at  a  given  pH  varied  with  the  anion  present,  these 
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results  indicate  that  pH  is  one  of  the  major  factors  determining  whether 
polyhedra  or  smooth  films  form.  These  results  were  shown  to  be  con¬ 
sistent  with  the  prevoiusly  proposed  mechanism. 

A  STATISTICAL  ANALYSIS  OF  GENERAL  CHEMISTRY  GRADES 

Judith  P.  Scott  and  James  E.  Worsham,  Jr. 

University  of  Richmond 

The  purpose  of  this  project  was  to  study  the  variability  in  the  vari¬ 
ous  grades  of  each  student  in  a  General  Chemistry  course.  To  illustrate 

the  problem  we  wished  to  study,  consider  two  students - one  student 

who  scores  80,  60,  and  100  on  three  tests  and  another  student  who  scores 
75,  80,  and  85  on  the  same  three  tests.  Both  of  the  students  aver¬ 
age  80  on  the  three  tests.  Yet,  we  feel  the  80  averaged  by  Student  2 
is  a  more  reliable  indication  of  his  test  performance  than  the  80  of  the 
first  student.  We  wished  then  to  find  some  quantity  which  would  meas¬ 
ure  this  variability - some  single  measure  of  the  consistency  of  the 

grades  comprising  the  final  average  as  an  indication  of  the  reliability  of 
that  average.  The  final  grade  for  the  students  studied  was  an  arithmetic 
average  of  the  average  grades  on  tests,  quizzes,  and  laboratory  and  the 
examination  grade.  Applving  standard  statistical  principles  a  r.m.s  de¬ 
viation,  standard  deviation,  of  the  final  grade  was  computed.  This  was 
taken  as  a  measure  of  the  variability  of  the  final  grade  for  one  student, 
this  variability  interpreted  as  arising  from  the  inconsistencv  of  the  various 
grades  entering  into  the  final  average.  For  the  second  part  of  the  project 
correlation  coefficients  for  each  class  were  computed  to  determine  the  cor¬ 
relation  of  test  grades,  quiz  grades,  laboratory  grades,  and  the  final  exami¬ 
nation  grade  with  the  final  grade.  The  examination  gave  the  highest 
correlation  coefficient  with  the  final  grade  and  the  laboratory  average  the 
lowest  though  the  test,  quiz  and  laboratory  averages  and  the  examination 
grade  were  weighted  equally  in  the  final  grade. 


A  STUDY  OF  THE  SYNTHESIS  OF  A0, 10-OCTALIN 

James  K.  Shillington,  Jere  D.  Cravens,  F.  Scott  Kennedy,  Jr., 
Jon  R.  Neergaard,  Edmond  P.  Lawrence,  Jr.,  Michael  L.  Bramley 
Washington  and  Lee  University 

A9,  10— Octalin  has  been  synthesized  in  several  ways.  Two  are  standard 
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approaches:  1.  A  modified  Birch  reduction  using  lithium  and  nephtha- 
lene  in  a  mixture  of  dimethyl-  and  ethylamines,  a  long  reaciton  with  dif- 
ficult-to-keep-condensed  solvents.  2.  A  slow  dehydration  of  /2-trans-de- 
calol  using  polyphosphoric  or  boric  acid.  Both  lead  to  mixtures  of  A1,  9- 
and  A9, 10-octalins.  Their  separation  involves  the  formation  of  the  nitroso 
chloride  (difficult  to  prepare  and  purify)  or  the  1,9-glycol  by  steric  sen¬ 
sitive  glycolation  selecting  the  A9,  10-isomers.  Neither  method  seems  suit¬ 
able  for  preparation  of  more  than  sample  quantities. 

Therefore  a  modified  Friedel- Crafts  reaction  has  been  investigated 
using  either  a-carbomethoxypropionyl  chloride  or  succinic  anhydride  with 
cyclohexene  in  a  mixture  of  AlCl3/nitrobenzene.  The  resulting  4-(2-cy- 
clohexenyl)-4-ketobutanoic  acid  (or  its  methyl  ester)  is  reduced  by  the 
Huang-Minlon  procedure  modification  using  the  semicarbazone,  to  4- (2- 
cyclohexenyl)  butanoic  acid.  Another  Friedel-Crafts  reaction  closes  the 
corresponding  acid-chloride  to  a-A9, 01-octalone  which  can  be  reduced 
by  the  Huang-Minlon  procedure  to  pure  A9,  10-octalin. 


APPLICATIONS  OF  THE  F  &  M  MODEL  185  C,  H,  AND  N 
ANALYZER  IN  THE  ORGANIC  RESEARCH  LABORATORY 

A.  Vingiello,  E.  Greenwood,  T.  Greenwood,  G.  Vaughan,  (&4  M.  Rorer 
Virginia  Polytechnic  Institute 

The  theoretical  and  practical  aspects  of  the  use  of  the  F  &  M  Model 
185  C,  H,  and  H  analyzer  in  the  organic  research  laboratory  will  be 
discussed.  Some  modifications  in  operational  procedure  which  lead  to 
improved  analytical  results  will  be  presented.  The  analyses  obtained 
for  many  organic  compounds  of  diverse  molecular  structure  will  be  given 
with  emphasis  on  compounds  of  high  carbon  content. 


THE  DECOMPOSITION  OF  AROMATIC  SECONDARY  ALCOHOLS 

Frank  A.  Vingiello  and  Ronald  Denk 
Virginia  Polytechnic  Institute 

Aromatic  secondary  alcohols  have  previously  been  shown  to  under¬ 
go  oxidation-reduction  reactions  at  high  temperatures.  The  products  of 
such  reactions  were  found  to  be  the  corresponding  ketones  and  methylene 
derivatives,  in  addition  to  resins.  The  path  by  which  decomposition  of 
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the  secondary  alcohol  occurs  appeared  to  involve  an  intermediary  ether. 
This  assumption  has  now  been  verified.  Further  studies  on  the  decom¬ 
position  of  the  ether  will  be  presented. 


THE  ELECTROCHEMICAL  REDUCTION  OF  POLYCYCLIC 
AROMATIC  COMPOUNDS 

Frank  A.  Vingiello  and  Richard  Kornmann, 

Virginia  Polytechnic  Institute 
and  Paul  Caldwell,  Roanoke  College 

Catalytic  hydrogenation  of  polycyclic  aromatic  compounds  usually 
yields  tetrahydro  derivatives,  where  adjacent  positions  have  been  reduced. 
Chemical  reduction  using  alkali  metals,  in  contrast,  often  results  in  1,4- 
reduction  of  a  conjugated  system,  along  with  other  products.  To  effect 
1,4-reduction  in  polycyclic  compounds,  their  electrochemical  reduction 
was  studied.  In  order  to  assure  the  formation  of  one  product,  the  reduc¬ 
tions  were  carried  out  at  a  controlled  potential.  This  potential  was 
determined  from  the  polarographic  waves  of  these  compounds,  the  poten¬ 
tial  being  chosen  to  allow  only  two  electron  addition  to  the  aromatic 
system. 


NEW  POLYCYCLIC  AROMATIC  HYDROCARBONS  WITH 
SEVEN  FUSED  RINGS 

Frank  A.  Vingiello,  Virginia  Polytechnic  Institute 
and  Leo  Ojakaar,  E.  I.  duPont  deNemours  and  Company 

Although  many  studies  have  been  made  with  polycyclic  aromatic 
hydrocarbons  containing  four,  five,  and  six  fused  benzene  rings,  there 
is  a  paucity  of  data  regarding  the  seven  fused  ring  compounds.  For 
this  reason  we  prepared  four  new  seven  ring  compounds  in  a  high  state 
of  purity,  established  their  structures,  and  described  their  properties.  An 
analytical  procedure  useful  for  the  rapid  identification  of  these  com¬ 
pounds  was  also  established  based  on  gas  phase  chromatography.  The 
spectral  data  relating  to  the  new  compounds  has  been  interpreted  and 
Clar’s  principles  of  annelation  have  been  applied  to  substantiate  the  as¬ 
signed  structures. 
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G.  S.  Whitney 

Washington  and  Lee  University 

A  study  of  synthesis  and  stability  of  4-carbethoxy-3-pyrrolidones 
has  been  made.  If  ethyl-N-methyl-2-aminoacetate  is  allowed  to  react  with 
ethyl  acrylate,  an  unsymmetrical  diester  is  formed  which  will  undergo 
Dieckmann  condensation.  This  is  part  of  a  standard  procedure  to  pre¬ 
pare  3-pyrrolidones  (which  is  accomplished  by  hydrolysis  and  decarboxy¬ 
lation  of  the  acid.)  The  beta- keto  ester  product 


k 


+  6 


P.=  C*3 

se  BtU 
* 


has  two  forms,  and  must  be  prepared  with  care;  it  also  decomposes  with 
time. 


Attempts  to  add  formaldehyde  by  acetoacetic  ester  type  condensation  were 
not  fruitful.  Surprisingly,  the  infrared  spectra  of  the  beta- keto  ester  prod¬ 
uct  in  chloroform  and  in  sodium  bromide  were  radically  different.  Un¬ 
doubtedly  in  the  polar  salt,  the  quaternary  amine  zwitterion  predominates. 
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SURFACE  STRUCTURE  OF  347  STAINLESS  STEEL  USED  AS  AN 
ADSORBENT  IN  LOW  PRESSURE  ADSORPTION  STUDIES 

J.  P.  WlGHTMAN 

Virginia  Polytechnic  Institute 

J.  P.  Mugler,  Jr.  and  G.  H.  Walker 
NASA,  Langley  Research  Center 

The  adsorption  of  selected  gases  on  347  stainless  steel  has  been  studied 
at  room  temperature  in  the  pressure  range  10~8  to  1(L7  torr.  The  sur¬ 
face  structure  of  the  adsorbent  (347  stainless)  was  investigated  as  an 
integral  part  of  the  adsorption  study.  The  distribution  of  he  major  com¬ 
ponents  of  the  stainless  surface  was  established  by  electron  microprobe 
analysis.  The  distribution  of  Cr,  Fe  and  Ni  was  random  and  the  con¬ 
centrations  of  these  elements  calculated  from  the  microprobe  data  agred 
well  with  the  published  analysis.  The  oxide  film  on  the  stainless  sur¬ 
face  was  of  considerable  interest  since  the  presence  of  the  film  is  pre¬ 
sumed  to  partially  account  for  the  extended  pump-down  time  of  vacuum 
systems.  The  stainless  steel  was  analyzed  by  ion  probe  mass  spectrometry. 
It  was  significant  that,  contrasted  to  other  steel  samples,  the  CrO+  peak 
was  quite  small. 


GAS  CHROMATOGRAPHY  OF  METALLIC  DERIVATIVES  OF 
ETHYLENEBIS  ( DITHIOCARBAMIC  ACIDS) 

Walter  L.  Zielinski,  Jr.,  and  Lawrence  Fishbein 
Bionetics  Research  Laboratories,  Inc. 

The  metallic  dithiocarbamates  are  well  recognized  fungicides.  While 
various  analytical  techniques,  such  as  ultraviolet  and  infrared  spectro- 
photometric  methods  and  paper,  and  more  recently,  thin-layer  chromato¬ 
graphy  have  been  used,  the  classical  procedure  of  assay  of  liberated  car¬ 
bon  disulfide  is  still  employed  in  analysis  of  such  samples.  The  present 
paper  describes  the  analysis  of  the  zinc,  manganese  and  disodium  ethy- 
lenebis  (dithiocarbamates)  (Zineb,  Maneb,  and  Nabam,  respectively) 
via  the  gas  chromatographic  determination  of  ethylenethiourea  (ETU) 
produced  on  thermal  cleavage  of  the  herbicide  during  in  situ  injection. 
The  mechanism  of  ETU  formation  is  suggested  and  a  standard  curve  for 
the  analysis  of  Nabam  is  given. 
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SECTION  OF  ENGINEERING 

MARK  19  GYROCOMPASS  DEVELOPMENTS 


Richard  J.  Arthur 
Sperry  Piedmont  Company 

The  basic  MARK  19  Gyrocompass  System  and  its  application  is 
described.  The  latest  major  system  redesign  has  been  done  by  Sperry 
Piedmont,  located  in  Charlottesville,  Virginia.  The  gravity  reference 
system  has  been  changed  from  an  electrolytic  level  to  a  newly  designed 
forced  feedback  accelerometer.  The  mechanical  and  electrical  design  is 
described.  The  filtering  of  the  accelerometer  output  and  the  resultant 
acceleration  compensation  loop  is  developed  in  a  block  diagram  with 
the  associated  transfer  functions.  The  resultant  improvement  in  system 
performance  is  discussed. 

LIMIT  ANALYSIS  OF  REINFORCED  CONCRETE 
CONTINUOUS  T-BEAMS 

Richard  M.  Barker  and  Kenneth  H.  Murray 
Virginia  Polytechnic  Institute 

A  technique  is  presented  to  predict  the  collapse  load  for  continuous 
reinforced  concrete  T-b earns.  This  prediction  is  based  on  moment  redis¬ 
tribution  which  considers  the  descending  branch  of  the  Moment-Rotation 
Curve  for  concrete.  Results  on  an  8  foot  fixed  ended  T-beam  are  pre¬ 
sented.  The  T-beams  have  a  2  inch  flange,  20  inches  wide  on  a  stem 
5  inches  deep  and  4  inches  wide.  Steel  percentages  are  held  constant 
at  the  fixed  ends  but  vary  at  mid-span. 

MULTI-STORY  BUILDING  WITH  SHEAR  WALL 
UNDER  LATERAL  LOAD 
Richard  M.  Barker  and  Tsou-Liang  Tang 
Virginia  Polytechnic  Institute 

An  interative  solution  to  the  interaction  of  a  shear  wall  and  a  multi¬ 
story  frame  is  presented.  The  deformations  of  the  shear  wall  are  ob- 
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tained  from  a  flexibility  matrix  or  a  force  method  approach.  A  stiffness 
matrix  or  displacement  method  is  used  to  determine  the  deformations  of 
the  frame.  These  two  sets  of  deformations  are  then  made  compatible 
along  their  interface  by  a  converging  iteration  process.  The  technique 
is  applied  to  an  example  problem  of  a  12  story  building  frame  with  a 
shear  wall  terminated  within  the  frame. 


CACULATION  OF  THE  TEMPERATURE  COEFFICIENT  OF 
REACTIVITY  OF  A  SWIMMING  POOL  REACTOR 

S.  K.  Bhatnagar  and  T.  G.  Williamson 
Department  of  Nuclear  Engineering 
University  of  Virginia 

The  temperature  coefficient  of  reactivity  of  the  University  of  Virginia 
Reactor  has  been  calculated.  Three  different  approaches  have  been  used 
for  this  evaluation.  They  are  (1)  Two  group  albedo  theory  (2)  Perturba¬ 
tion  theory  (3)  Multigroup  diffusion  theory  with  three  fast  groups  and 
one  thermal  group.  Programs  ALBCOEF  to  calculate  albedo  theory 
and  PETHENT  for  perturbation  theory  have  been  writen  in  Algol  60. 
Two  group  albedo  theory  and  multigroup  diffusion  theory  predict  a  nega¬ 
tive  temperature  coefficient  for  all  temperatures  in  the  range  of  5°C 
to  30 °C.  However,  the  perturbation  calculations  predict  that  the  tem¬ 
perature  coefficient  becomes  positive  below  15 °C.  This  positive  coef¬ 
ficient  is  predominantly  a  reflector  effect  since  the  core  coefficient  always 
remains  negative.  The  positive  coefficient  for  temperatures  less  than 
15  °C  does  not  imply  an  unstable  system  because  in  the  case  of  a  power 
excursion  the  core  temperature  coefficient  would  dominate  and  the  power 
will  level  off. 


DIRECT  NUMERICAL  INVESTIGATION  OF  THE  SPATIAL 
XENON  OSCILLATIONS  IN  NUCLEAR  REACTORS 
B.  E.  Bingham  and  A.  C.  Lapsley 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

Spatial  xenon  oscillations  are  spatial  oscillations  that  occur  in  the 
thermal  power  density  distribution  of  large  nuclear  reactors  that  originate 
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from  the  feedback  of  a  spatial  variation  in  the  concentration  of  xenon-135 
in  the  core.  The  feedback  loop  is  closed  by  the  production  and  removal 
of  xenon-135  throughout  the  core.  This  phenomenon  is  being  investi¬ 
gated  by  direct  numerical  solution  using  the  B5500  computer  at  the 
University  of  Virginia. 

CATV  AND  CLOSE-CRCUIT  ENGINEERING  STANDING 
STANDARDS  AND  APPLICATION 

Warren  L.  Brown 
Private  Consultant,  Harrisonburg 

The  industrial  use  of  close-circuit  television  has  mushroomed  in  the 
past  few  years.  Simultaneous  with  this  development,  there  has  been  an 
increasing  awareness  of  the  need  for  close-circuit  television  on  the  cam¬ 
pus.  In  addition,  a  new  industry,  the  Community  Antenna  Television 
Enterprise  is  coming  into  being  in  nearly  every  city  across  the  country. 
There  is  substantial  similarity  in  systems  design  and  standards  necessary 
for  optimum  performance.  These  standards  and  their  application  are 
reviewed  in  this  paper.  Since  no  official  body  has  yet  imposed  standards 
on  the  industry  as  a  whole,  these  standards  are  made  somewhat  flexible 
and  subject  to  interpretation,  but  serve  as  useful  guide  lines  to  those  who 
are  entering  the  field.  The  relationship  between  the  necessary  component 
parts  of  such  distribution  systems  are  related,  and  detailed,  together  with 
“state  of  the  art”  comments  and  limitations  demonstrated. 


MARINE  RADAR  DEVELOPMENTS 

D.  W.  Burns 
Sperry  Piedmont  Company 

The  development  of  a  fully  solid  state  commercial  marine  radar 
will  be  described.  The  use  of  solid  state  devices  to  improve  reliability 
and  maintainability  by  replacing  vacuum  tubes  will  be  discussed.  The 
design  has  the  advantages  of  a  sloted  waveguide  antenna  using  electrical 
switching  to  achieve  a  circular  polarized  patern  with  its  attendant  improve¬ 
ment  in  picture  presentation  during  adverse  weather  conditions.  A  unique 
solid  state  sweep  amplifier  and  a  unique  solid  state  modulator  will  be 
discussed. 
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BIOENGINEERING  STUDIES  WITH  ATTACHED 
MICROORGANISMS 

H.  R.  Edwards  and  H.  R.  Bungay,  III 
Department  of  Civil  Engineering 
Virginia  Polytechnic  Institute 

Attached  microorganisms  are  of  considerable  importance  to  sanitary 
engineering  because  of  the  surface  slimes  which  operate  in  trickling  fil¬ 
ters,  the  wall  growth  on  reservoirs,  the  benthic  organism  contribution  to 
the  population  of  streams,  and  the  various  slimes  in  pipes  conduits.  Our 
research  on  continuous  flow  mixed  cultures  has  shown  that  wall  attach¬ 
ment  confers  a  great  advantage  to  a  microorganism  in  a  competitive  situa¬ 
tion.  At  high  dilution  rates,  a  complex  mixed  culture  yields  almost  ex¬ 
clusively  attached  growth  because  free-swimming  organisms  are  washed 
out  of  the  apparatus.  An  equation  has  been  derived  for  the  popula¬ 
tion  in  the  liquid  portion  for  an  organism  which  attaches  to  the  walls  of 
a  continuous  culture  vessel.  Attempts  to  verify  the  equation  and  the 
implications  to  bioengineering  are  discussed. 

HEAT  TRANSFER  ANALYSIS  IN  A  NUCLEAR  ROCKET  REACTOR 

Vincent  J.  Esposito  and  J.  L.  Meem 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

The  steady  state  equations  of  continuity,  energy  and  momentum  are 
applied  to  a  nuclear  rocket  with  variable  spatial  heat  distribution  and 
variable  fluid  transport  properties.  The  equations  are  solved  by  numeri¬ 
cal  finite  difference  method  in  the  axial  direction  and  by  exact  formula¬ 
tion  in  the  radical  direction.  Results  obtaned  include  the  variation  of 
transport  porperties,  heat-transfer  coefficient,  fluid  and  wall  temperature, 
fluid  pressure,  and  hot  spot  temperatures. 
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THE  ROLE  OF  THE  MILITARY  FORCES  IN  DESALINATION 
OF  SEA  WATER 

Richard  J.  Gainey 

U.  S.  Army  Engineer  Research  and  Development  Laboratories, 
Fort  Belvoir,  Virginia 

Recent  national  emphasis  on  the  development  of  seat  water  desalina¬ 
tion  processes  for  municipal  use  has  overshadowed  the  earlier  and  signif¬ 
icant  role  of  the  military  forces  in  the  development  of  practical  and  work¬ 
able  distillation  units  for  use  by  troops  in  areas  where  fresh  water  sources 
are  scarce  or  non-existent.  As  long  ago  as  1941  the  U.  S.  Army  Research 
and  Development  Laboratories  (USAERDL),  Fort  Belvoir,  Virginia,  open¬ 
ed  a  test  station  at  Fort  Story  and  started  development  of  the  first  self- 
contained,  land-based,  sea  water  distillation  unit.  As  a  result  of  this  early 
action,  many  thousands  of  distillation  units  were  manufactured  during 
World  War  II  and  fresh  water  was  made  available  on  waterless  atolls 
soon  after  landings  were  effected.  Recently,  USAERDL  developed  a 
trailer-mounted,  vapor  compression  distillation  unit  which  is  capable  of 
producing  150  gallons  per  hour  of  distilled  water  and  can  be  transported 
to  remote  locations  by  helicopter.  Current  developments  at  these  labora¬ 
tories  include  a  large,  transportable  desalting  plant  which  can  also  be 
used  by  civil  populations  during  natural  or  wartime  disasters.  Looking 
toward  future  needs,  research  is  being  conducted  in  methods  for  preven¬ 
tion  of  troublesome  calcium  sulfate  evaporator  scale  which  has  prevented 
use  of  distillation  equipment  on  many  inland  brackish  waters.  Also,  new 
and  novel  desalting  concepts,  such  as  reverse  osmosis,  are  being  thoroughly 
evaluated. 


DYNAMIC  PRESSURE  MEASUREMENT 
G.  Jacox 

Atlantic  Research  Corporator 

Recent  advances  in  piezoelectric  and  piezoresistive  pressure  sensors 
permit  increased  accuracy  with  simpler  instrumentation.  Several  sensor 
types  are  discussed  with  techniques  employed  for  adverse  temperatures 
and  high  vibration  environments.  Pressure  measurement  in  air  and  water 
for  subsonic  supersonic  flow  is  considered.  Recommendations  are  pre¬ 
sented  for  calibration  methods  and  ancillary  electronic  systems. 
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FOAM  FOR  FLOTATION 

W.  Paul  Jensen  and  Charles  Darley 
Atlantic  Research  Corporation 

Until  about  two  years  ago  the  technical  feasibility  of  raising  sunken 
vessels  by  the  injection  of  foamed  plastic  as  a  buoyancy  material  was  the 
subject  of  speculation  and  debate.  Since  that  time  practical  demonstra¬ 
tions  have  proven  that  the  technique  can  be  used  satisfactorily  on  vessels 
sunk  at  modest  depths.  Laboratory  demonstrations  have  shown  that  it 
is  technically  feasible  to  use  this  salvage  technique  on  vessels  at  depths 
as  great  as  375  feet,  which  is  about  six  times  the  depth  for  which  cus¬ 
tomary  salvage  techniques  can  be  applied.  The  laboratory  work  has  clearly 
indicated  the  need  for  a  high  degree  of  quality  control  in  the  formation 
and  application  of  the  foam  if  the  process  is  to  be  successful.  Economic 
analysis  shows  that  each  proposed  salvage  operation  must  be  carefully 
studied  in  order  to  establish  economic  feasibility  befotre  the  technical 
work  is  started.  Such  studies  have  shown  that  in  cases  where  either  the 
new  technique  or  the  old  could  be  used  the  new  is  more  economical. 
But  probably  the  most  important  use  of  the  foam  flotation  technique 
will  follow  from  development  of  its  use  in  situations  where  other  tech¬ 
niques  would  be  unworkable. 

FORETOG-A  FOUR  REGION,  TWO  GROUP  DIGITAL  CODE  FOR 
THE  BURROUGHS  B-5500 

B.  G.  Kingery  and  J.  L.  Meem 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

A  reactor  code  has  been  written  employing  Two  Group  Theory  which 
calculates  reactor  parameters  in  spherical,  cylindrical,  or  slab  geometries. 
This  code  accepts  reactors  of  four  or  less  regions  with  up  to  twelve 
materials  in  each  region.  It  is  to  be  used  specifically  to  calculate  a 
cylindrical,  four  region  reactor  with  fuel  in  region  I  and  III,  and  reflec¬ 
tor  in  regions  II  and  IV.  In  addition,  a  degree  of  generalization  is  fur¬ 
nished  to  provide  a  tool  for  use  in  general  reactor  problems. 
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G.  C.  Lennox 

American  Safety  Razor  Company 

The  scientist  has  the  ultimate  objective  of  presenting  us  with  new 
truths  —  the  engineer’s  objective  is  to  provide  new  products  and  services. 
One  basic  difference  between  the  two  activities  is  that  at  several  levels 
the  engineering  effort  must  relate  to  economic  situations.  We  will  dis¬ 
cuss  the  economic  influences  and  relationships  for  the  Product,  the  Project 
and  the  Concern.  Product  —  What  is  a  successful  product  or  service. 
It  is  the  whole  product  that  is  critical,  including  abstract  attributes  as  well 
as  physical.  Project  —  Industry  initiates  engineering  projects  solely  for 
economic  reasons:  to  improve  one  or  more  of  the  factors  we  have  dis¬ 
cussed  relating  to  the  economics  of  products.  However,  projects  in  them¬ 
selves  have  some  unique  economic  aspects  that  require  attention.  Concern 
—  The  engineer,  whether  working  directly  for  an  industrial  firm  or  with 
a  consulting  organization,  must  be  cognizant  of  the  fact  that  all  engi¬ 
neering  effort  must  be  justified  on  economic  basis. 


KINEMATIC  TRANSFORMATIONS  OF  SEVERAL  MECHANISMS 

D.  W.  Lewis 

Department  of  Mechanical  Engineering,  University  of  Virginia 

A  selection  of  kinematic  information,  on  several  different  mechan¬ 
isms,  is  presented  in  graphical  form.  Hopefully,  this  will  provide  the 
means  for  “getting  a  feeling”  for  the  kind  of  mechanism  that  should  be 
selected  to  obtain  a  specific  input-output  motion  transformation.  The  con¬ 
siderable  range  in  form  of  the  motion  transformations  presented  indicate 
an  almost  unlimited  scope  of  possible  transformations.  It  is  expected 
that  this  information  will  afford  the  design  engineer  a  means  for  solv¬ 
ing  manv  kinematic  problems  by  selecting  the  appropriate  mechanism 
directly  from  this  compilation.  In  addition,  minor  changes  to  the  para¬ 
meters  (link  lengths  or  gear  diameters),  which  determine  the  motion  trans¬ 
formation  of  a  particular  mechanism,  may  produce  more  exact  solutions 
to  specific  kinematic  problems.  Kinematic  solutions  of  precision  better 
than  can  be  obtained  from  the  graphs  are  possible  using  a  variety  of 
numerical  approaches.  These  are  particularly  suitable  when  used  with 
a  high  speed  digital  computer.  Several  different  means  have  been  em- 
ploved  successfully  including  random  selection  of  parameters  (with  limit- 
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ed  ranges  specified),  systematic  searches  based  on  a  specified  grid  size, 
and  techniques  that  are  linearizations  involving  directional  derivatives  of 
an  error  funtcion. 


THE  CARNOT  CYCLE  AND  STEAM  PLANT 

Angus  MacDonald 
University  of  Virginia 

The  Rankine  cycle  is  usually  used  in  theoretical  discussions  of  steam 
operated  machinery.  This  cycle  is  theoretically  less  efficient  than  the 
Carnot  cycle,  which  is  the  most  efficient  cycle  between  two  given  tem¬ 
peratures.  It  is  shown  how  the  Rankine  cycle  is  less  efficient  than  the 
Carnot  cycle  and  further  how  this  inefficiency  could  be  obviated  in  a 
real  steam  plant.  (Sponsored  bv  Doris  Kuhlmann-Wilsdorf) 

DRUMS  TO  DIRITS 
K.  C.  Martin 

The  C.  b  P.  Telephone  Company  of  Virginia 

In  the  academic  world,  in  industry,  and  in  Government,  the  organ¬ 
ization,  processing,  and  movement  of  information  rapidly  and  accurately, 
play  a  role  of  ever  increasing  importance  as  time  goes  on.  This  paper 
traces  the  development  of  the  art  of  moving  informatoin  in  digital  form, 
following  the  dual  paths  of  information  theory  and  of  signaling  theory, 
and  merging  these  two  to  match  capability  and  performance  of  the  nation¬ 
wide,  information-moving  network  of  the  communications  industry.  Rela¬ 
tive  merits  of  the  control  of  the  transmission  characteristics  of  the  medium 
versus  the  control  of  the  response  of  terminal  devices  are  discussed,  as 
well  as  the  role  of  error  detection  and  correction  methods  in  the  informa¬ 
tion  moving  process. 
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PROGRAMING  PROJECTIONS  OF  THREE  DIMENSIONAL 

OBJECTS 

Edward  V.  Mochel 
Drawing  Division 

School  of  Engineering  and  Applied  Science, 

University  of  Virginia 

A  description  of  programs  written  to  produce  projections  of  three 
dimensional  objects  are  discussed.  The  programs  are  written  for  a  digital 
computer  and  the  output  is  drawings  produced  by  an  XY  plotter.  The 
programs  are  given  as  data  the  x,  y  and  z  coordinates  of  each  point  on  the 
object  and  an  instruction  for  the  position  of  the  plotter  pen  to  be  raised  or 
lowered.  For  an  orthographic  projection,  the  object  can  be  rotated  about 
the  x,  y  and  z  azes  to  any  position  desired.  A  series  of  views  can  be 
drawn  showing  the  sequential  motion  of  an  object  moving  with  a  known 
pitch,  roll  and  yaw.  All  the  above  oan  be  done  in  perspective  as  well 
as  orthographic  projection.  In  perspective,  more  parameters  are  used. 
The  distance  between  the  observer  and  the  plane  of  projection  must  be 
selected,  and  the  object  may  be  translated  in  the  x,  y  and  z  directions 
from  an  origin  in  the  plane  of  projection. 


HIGH  ENERGY  GAMMA-RAY  ATTENUATION  COEFFICIENTS 
IN  COMMON  REACTOR  MATERIALS 

D.  H.  Risher  and  W.  R.  Johnson 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

Although  many  gamma-ray  penetration  experiments  exist  in  the  litera¬ 
ture,  very  nearly  all  the  experiments  were  performed  for  energies  of  2.76 
Mv  and  below.  In  this  paper,  the  author  describes  the  capture  gamma- 
ray  method  of  producing  mono-energetic  gammas  in  the  range  of  3  Mev 
to  10  Mev  using  the  University  of  Virginia  Reactor,  and  presents  the 
results  of  shielding  experiments  on  some  common  reactor  materials. 
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EXAMPLES  OF  INSTABILITY  AND  NON-CONVERGENCE  IN 
EXPLICIT  UNSTEADY  STATE  FINITE  DIFFERENCE  EQUATIONS 

William  R.  Rhyne  and  J.  H.  Rust 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

The  one-dimensional,  unsteady  state  heat  conduction  equation  is  solv¬ 
ed  using  explicit  finite  difference  techniques.  The  stability  and  converg¬ 
ence  of  unsteady-state  temperature  distributions  are  examined  for  variable 
time  and  spatial  increments.  A  few  preliminary  conclusions  are  drawn 
about  the  practical  selection  of  time  and  spatial  increments  for  the  numeri¬ 
cal  solution  of  the  equations  examined. 

MHA-A  COMPUTER  CODE  TO  EVALUATE  NUCLEAR  REACTOR 
CONTAINMENT  DESIGN  AND  ENGINEERED 
SAFEGUARD  PARAMETERS 

William  R.  Rhyne  and  J.  H.  Rust 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

The  maximum  hypothetical  accident  for  a  pressurized  water  reactor 
is  generally  considered  to  be  the  double  ended  rupture  of  the  largest  pri¬ 
mary  system  pipe.  The  MHA  computer  code  presents  a  method  by 
which  the  containment  design  and  the  engineered  safeguard  parameters 
of  a  reactor  mav  be  evaluated  and  optimized.  The  evaluation  criteria 
is  that  of  10  CFR  100,  and  the  calculational  models  include  all  aspects 
of  the  MHA  for  a  pressurized  water  reactor  with  single  containment. 
The  models  are  conservative  and  are  consistent  with  the  philosophy  used 
in  writing  and  evaluataing  safety  analysis  reports. 
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EVALUATION  OF  BINARY  VAPOR  —  LIQUID  EQUILIBRIUM 
DATA  VIA  THERMODYNAMIC  CONSISTENCY  TESTS 

S.  A.  SCHILDCROUT 

Chemical  Engineering  Department, 

Virginia  Polytechnic  Institute 

There  is  little  point  in  attempting  to  correlate  binary  vapor-liquid 
equilibrium  data  unless  it  is  first  established  that  this  data  is  thermo¬ 
dynamically  consistent.  Methods  of  establishing  this  consistency  are 
generally  referred  to  as  Thermodynamic  Consistency  Tests.  From  thermo¬ 
dynamic  considerations  it  is  shown  that  the  expression 


HEREIN— FORMULA  TO  BE  SET  LATER- 


can  be  used  to  describe  the  vapor-liquid  equilibrium  relationships  of  a 
binary  system  restricted  by  an  ideal  vapor  phase,  the  molar  volume  of 
which  is  considerably  larger  than  that  of  the  liquid  phase.  This  rela¬ 
tionship  suggests  that  the  significant  parameters  to  be  plotted  are  vapor 
phase  mole  fraction  versus  liquid  phase  activity.  Comparison  between 
the  slope  of  this  figure  and  the  calculated  value  for  the  right-hand  side 
of  this  expression  at  various  compositions  will  then  indicate  the  relia¬ 
bility  of  the  data  in  the  vicinity  of  each  calculation.  Illustrations  of 
the  use  of  this  differential  consistency  expression  and  its  advantages  over 
the  integral  consistency  test  of  Redlich  and  Kister  are  given. 


ANALYSIS  OF  FREQUENCY  AND  MAGNITUDE  OF  DROUGHT 
FLOWS:  ESTIMATION  OF  PARAMETERS  OF  COMMONLY 
USED  DISTRIBUTIONS 

William  O.  Thompson,  Department  of  Statistics 
Frederick  E.  McJunkin,  Department  of  Civil  Engineering 
Virginia  Polytechnic  Institute 

Recent  events  have  amply  demonstrated  the  importance  and  need 
for  improved  methodology  in  predicting  drought  flows.  Current  esti¬ 
mation  procedures  for  statistical  distributions  commonly  used  in  low  flow 
analysis  by  engineers  are  critically  reviewed.  Some  statistical  procedures 
used  in  comparing  estimators  are  presented  as  a  basis  for  evaluating  alter- 
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native  forms  of  estimation  (prediction).  A  development  of  maximum 
likelihood  estimators  is  given  and  reasons  for  their  use  are  presented. 
An  example  is  given  illustrating  the  difference  between  moment  estima¬ 
tion  and  maximum  likelihood  estimation.  The  relevance  and  potential 
of  these  departures  from  conventional  engineering  practice  are  evaluated. 


DEVELOPMENT  OF  A  QUICK  TEST  FOR  IDENTIFYING  POOR 
PERFORMING  AGGREGATE  FROZEN  IN  CONCRETE 

Richard  D.  Walker  and  Harry  J.  Pence 
Department  of  Civil  Engineering 
Virginia  Polytechnic  Institute 

The  project’s  objective  was  to  develop  a  quick  inexpensive  test  to 
distinguish  deleterious  particles  in  aggregates  and  predict  their  behavior 
in  concrete  subjected  to  freezing  and  thawing.  Thirty-two  different  con¬ 
cretes,  from  combinations  of  eight  aggregates  ranging  from  Rap  rock  to 
gravels,  were  used  to  fabricate  281  specimens.  Specimens  were  exposed 
to  alternate  cycles  of  frezing  and  thawing  in  water.  These  were  meas¬ 
ured  for  length,  weight,  and  dynamic  modulus  after  a  specified  number 
of  cycles.  Companion  specimens  were  exposed  to  a  single  slow  freeze 
cycle  in  a  deep  freeze  unit  while  making  length  change  and  temperature 
measurements.  Durabilities  of  all  specimens  were  determined  at  100 
and  300  cycles  using  dynamic  modulus.  Length  change  vs.  temperature 
curves  for  the  first  freeze  of  each  specimen  were  plotted  and  the  mini¬ 
mum  5°  temperature  slope  determined.  A  time  slope  value  was  cal¬ 
culated  from  the  length  change  vs.  temperature  curve  for  the  slow  freeze 
cycle  specimens.  Results  showed  a  definite  relationship  between  dura¬ 
bility  at  100  cycles  and  temperature  and  time  slope  values.  Additional 
research  is  being  conducted  on  a  wider  range  of  aggregates  from  addi¬ 
tional  areas  of  the  country.  A  15,000  psi  mercury  porosimeter  is  being 
used  to  measure  pore-size  distribution. 
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DEEP  SUBMERGENCE  VEHICLES  FOR  SEARCH,  RESUCE 
AND  WORK  MISSIONS 

Virgel  E.  Williams 
Sperry  Piedmont  Company 

In  part  as  a  result  of  the  submarine  THRSHER  tragedy,  there  has 
been  an  extremely  rapid  growth  of  interest  in  the  design  of  manned  deep 
submergence  vehicles.  Such  vehicles  would  be  air  transportable;  carried 
to  the  operating  area  by  supporting  ships  or  submarines,  and  be  launched 
on  site  for  missions  in  the  order  of  12  hours.  They  would  be  able  to 
reach  most  of  the  world’s  ocean  bottom,  cruising  at  speed  up  to  five 
knots.  Such  vehicles  would  be  able  to  search  for  sunken  objects;  rescue 
personnel  from  distressed  submarines;  emplace,  service,  and  retrieve  under¬ 
water  equipment;  perform  mechanical  work,  such  as  drilling  and  coring; 
and  carry  out  oceanographic  work,  sue  has  measuring  bottom  topography, 
sampling,  and  observing  marine  life.  Some  of  the  more  promising  vehicle 
concepts  are  described.  The  current  state  of  understanding  regarding 
the  various  subsystems  is  indicated.  Some  considerations  pertaining  to 
relative  merits  of  different  concepts  for  various  missions  are  discussed. 

OPTIMIZED  MODEL  FOR  MULTICOMPONENT  TRANSPORT 
PHENOMENA  IN  AQUEOUS  SOLUTIONS 

G.  B.  Wills  and  H.S.  Yeh 
Virginia  Polytechnic  Institute 

Several  models  have  been  suggested  for  multicomponent  mass  trans¬ 
port  in  liquids.  However,  there  are  few  comparisons  with  experimental 
data  over  a  range  of  concentrations,  particularly  in  ionic  aqueous  solutions. 
Even  scanter  attention  has  been  given  to  critical  comparisons  in  which 
the  models  are  required  to  predict  several  types  of  transport  data  using 
a  single  set  of  parameters.  Here,  optimization  techniques  are  used  to 
extract  a  “best”  set  of  the  parameters  contained  in  the  model.  Using 
this  optimum  set  of  parameters,  a  critical  comparison  is  made  of  the 
experimental  and  predicted  transport  phenomena  over  a  wide  range  of 
concentrations.  The  expected  accuracy  of  the  models  is  eassessed  and 
discussed. 
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SECTION  OF  GEOLOGY 

STRUCTURAL  CNTOURING  OF  THE  SALTVILLE  FAULT 
IN  SOUTHWESTERN  VIRGINIA 

J.  A.  Blair 

Virginia  Polytechnic  Institute 

The  Saltville  Fault  is  a  rotational  thrust  which  extends  in  a  north¬ 
easterly  direction  from  northern  Alabama  to  its  termination  (or  begin¬ 
ning?)  at  a  point  north  of  New  Castle,  Virginia.  From  the  Burkes  Gar¬ 
den  area  to  a  point  near  New  Castle  the  dip  of  the  fault  as  shown  by 
structure  sections  ranges  from  about  65°  S.E.  to  24°  S.E.  In  order  to 
visualize  this  variation  in  dip  and  to  show  irregularities  in  the  Lace  of 
the  fault,  a  structural  contour  map  was  constructed  by  projecting  eleva¬ 
tions  on  the  surface  of  the  fault,  as  shown  by  structure  sections  upward 
to  die  surface.  Contouring  of  the  fault  surface  below  sea  level  was 
not  possible  as  most  of  the  structure  sections  do  not  extend  below  that 
depth.  By  studying  thesis  maps  and  correlating  them  with  the  struc¬ 
tural  contour  map,  several  explanations  for  irregularities  in  strike  and 
variations  in  dip  of  the  fault  are  apaprent.  Transverse  strike-slip  faults 
probably  account  for  most  offsets  in  the  trace  of  the  fault  and  variations 
in  the  competence  of  the  rocks  of  the  hanging  and  footwall  blocks  prob¬ 
ably  account  for  at  least  part  of  the  variation  in  dip.  It  is  also  possible 
that  movement  was  more  frequently  along  certain  parts  of  the  fault  than 
elsewhere.  Another  very  likely  explanation  is  that  movement  along  the 
fault  did  not  start  at  the  same  time  at  all  places.  Is  the  ‘‘termination” 
near  New  Castle  the  point  where  the  Saltville  fault  originaed  or  the  point 
where  it  died  out? 


INFLUENCE  OF  GEOLOGY  ON  THE  LOCATION  AND 
DESIGN  OF  GATHRIGHT  DAM 

J.  E.  Brewer 

U.  S.  Army  Corps  of  Engineers 

The  Gathright  dam  site  is  located  in  Allegheny  County,  Virginia,  on 
Jackson  River  in  the  narrow  gorge  between  Coles  Mountain  and  Morris 
Hill,  approximately  12  miles  above  the  town  of  Covington.  The  proposed 
dam  will  be  of  the  rockfill  type  with  an  impervious  earth  core.  The  diver- 
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sion  tunnel  will  be  located  in  the  right  abutment.  The  spillway  location 
is  under  study.  The  area  considered  is  a  part  of  the  Valley  and  Ridge 
province,  and  the  site  topography  is  influenced  by  a  series  of  nearly 
parallel  anticlines  and  synclines  in  sedimentary  rocks  of  Silurian  and 
Devonian  ages.  The  dam  site,  tightly  restricted  by  geologic  structure 
and  stratigraphy,  is  located  just  downstream  of  faulting  and  intense  fold¬ 
ing  and  just  upstream  of  an  aniclinal  axis.  The  leached  and  weathered 
Coeymans  limestone  which  is  complicated  by  jointing  required  considera¬ 
tion  in  the  abutments  and  spillway  area.  Structural  geology  and  deep 
weathering  also  influence  availability  of  impervious  earth  materials,  ran¬ 
dom  rock  and  sound  rock  for  construction. 


SURFACE  CHARGES  ON  SELECTED  HIGHWAY  AGGREGATES 

A.  B.  Crenshaw,  University  of  Virginia 
W.  C.  Sherwood,  Virginia  Highway  Research  Council 
E.  H.  Ern,  University  of  Virginia 

In  crystalline  substances  energy  considerations  for  ions  on  a  sur¬ 
face  differ  from  those  of  the  interior.  In  the  interior,  ions  are  com¬ 
pletely  surrounded  by  others  and  are  in  electrostatic  equilibrium.  On 
a  surface,  the  exposed  ions  are  not  completely  surrounded,  and  hence, 
part  of  their  charge  is  left  unbalanced.  The  result  is  that  on  any  sur¬ 
face  a  minute  electric  charge  is  present.  This  charge  is  called  the  sur¬ 
face  charge,  and  is  described  as  positive  or  negative.  The  presence 
of  surface  charge  will  cause  a  potential  to  be  set  up  across  the  inter¬ 
face  between  the  material  and  the  surrounding  medium.  This  poten¬ 
tial  is  called  the  Zeta  potential,  and  is  usually  measured  in  millivolts. 
Virtually  all  highway  aggregates  are  crystalline  substances  possessing  sur¬ 
face  charge.  When  these  substances  are  surrounded  by  an  asphat  medium, 
substantial  Zeta  potential  may  develop  at  the  interfaces.  And  while 
the  surface  charge  and  Zeta  potential  are  probably  not  responsible  for 
the  asphalt-aggregate  bond  per  se,  they  may  exert  strong  influence  on 
the  strength  of  the  bond.  Accordingly,  surface  charge  determinations 
have  been  made  on  a  wide  range  of  rock  types  commonly  used  as  aggre¬ 
gates.  Results  indicate  that,  in  ultrapure  environments,  both  silicate  and 
carbonate  aggregates  possess  a  negative  surface  charge.  In  natural  sys¬ 
tems,  however,  disolved  ions  may  alter  the  situation  significantly. 
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DELINEATION  AND  INTERPRETATION  OF  THE  ST.  STEPHENS 
CHURCH  MAGNETIC  ANOMALY,  KING  AND 
QUEEN  COUNTY,  VIRGINIA 

J.  R.  Delaney,  W.  S.  Henika  and  J.  Christensen 
University  of  Virginia 

Eight  magnetic  traverses,  oriented  northwest-southeast  and  aggregat¬ 
ing  over  500  line  miles  were  completed  across  the  Virginia-Maryland 
Coastal  Plain.  Three  hundred  and  six  stations  were  occupied  with  a 
maximum  separation  of  two  miles  along  primary  and  secondary  roads. 
Instrumentation  was  a  Jalander  vertical  force,  flux  gate  magnetometer, 
Model  1957  and  a  Sharpe  Model  A2  vertical  intensity  field  balance.  The 
purpose  of  the  survey  was  to  delineate  the  magnetic  anomaly  which  centers 
approximately  at  St.  Stephens  Church,  King  and  Queen  Co.,  Virginia. 
The  anomaly  is  four  to  six  miles  wide,  twenty-five  miles  long  and  trends 
N  23  E.  It  is  part  of  a  string  of  magnetic  anomalies  which  have  a  gen¬ 
eral  NNE-SSW  trend  and  extend  across  Virginia.  Maximum  relief  en¬ 
countered  was  2,460  gammas.  Previous  estimates  of  depth  to  the  source 
ranged  from  0.35  mile  to  0.9  mile  and  averaged  0.4  mile.  Possible  ex¬ 
planations  for  the  anomaly  are:  basement  relief;  block  faulting  with  at¬ 
tendant  basic  igneous  injections,  probably  similar  to  the  Triassic  fault 
basins  in  the  Piedmont;  and  a  susceptibiilty  change  in  the  crystalline  base¬ 
ment  possibly  related  to  a  buried  string  of  serpentinite  lenses  (Hess, 
1965).  A  comuparison  between  the  present  profiles  and  magnetic  pro¬ 
files  across  a  known  Triassic  basin  favors  the  block  faulting  hypothesis, 
while  a  serpentinite  belt  with  disseminated  magnetite  could  also  account 
for  the  observed  values. 


MINOR  STRUCTURES  AND  AXIAL  SURFACE  DEFORMATION 
IN  EAST-CENTRAL  VERMONT 

Ernest  H.  Ern 
University  of  Virginia 

The  area  embraces  a  complex  tectonic  setting  in  which  the  homo- 
clinal  sequence  of  the  metavolcanics  and  metasediments  on  the  east  flank 
of  the  Green  Mountain  antielinorium  pass  eastward  into  a  region  of  domes 
and  recumbent  folds.  Two  major  orogenic  stages  of  deformation  are 
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evident  with  the  superposition  of  the  later  effects  on  the  earlier,  mak¬ 
ing  a  clear  separation  of  the  minor  structural  features  imperative  to  defin¬ 
ing  the  major  tectonic  activity  during  each  episode  of  deformation. 
Evidence  for  the  interpretation  of  the  major  structuers  is  enhanced  by 
the  intricate  loops  made  by  the  lithologically-distinct  Standing  Pond 
volcanics  which  outline  major,  isoclinal  recumbent  folds.  The  axial  sur¬ 
faces  of  these  folds  have  been  arched  by  the  later  doming,  and  have 
been  depressed  into  tight  troughs  in  the  regions  between  the  domes  as 
well  as  in  the  central  syncline  separating  the  doems  from  the  anticlino- 
rium  to  the  west.  Other  large  recumbent  folds  are  indeed  present  west 
of  the  Standing  Pond  volcanics,  but  are  not  as  evident  due  to  lack  of 
distinct  marker  beds.  Textural  evidence  based  on  mineral  orientations 
and  rotational  effects  in  porphyroblasts  indicate  the  metamorphism  over¬ 
lapped  in  time,  at  least  a  part  of  each  major  stage  of  deformation.  As 
yet  to  be  resolved  is  the  unequivocable  direction  of  stratigraphic  tops 
acros  sthe  Standing  Pond  volcanics. 

PSEUDOMORPHS  OF  ANATASE  AFTER  PERRIERITE  MASSES 

FROM  AMERST  COUNTY,  VIRGINIA 
R.  P.  Geitgey  and  R.  S.  Mitchell 
University  of  Virginia 

Anatase  pseudomorphs  after  anhedral  perrierite  masses  are  numerous 
in  a  deeply  weathered  pegmatite  on  the  Burley  farm  about  5  miles  north¬ 
west  of  Amherst,  Amherst  County,  Virginia.  The  masses,  which  measure 
up  to  several  inches  across,  are  dull,  earthy,  and  light  brown  in  color, 
and  are  appreciably  radioactive.  Occasionally  they  contain  unaltered 
black  pitchy  perrierite  at  their  centers.  X-ray  studies  show  they  are 
composed  primarily  of  anatase  with  traces  of  quartz  and  at  times  other 
minor  impurities.  Likewise  semiquantitative  spectrographic  analyses  show 
that  the  principal  constituent  is  anatase.  These  analyses  also  indicate 
the  presence  of  the  quartz  as  well  as  iron  oxide.  Numerous  trace  ele¬ 
ments,  including  such  things  as  aluminum,  zirconium,  thorium  (the  cause 
of  the  radioactivity),  cerium,  and  neodymium,  were  also  detected.  Other 
minerals  found  in  the  pegmatite  include  ziron,  ilmenite,  magnetite,  gray 
quartz,  kaolinized  feldspar,  churchite,  cerianite,  and  a  member  of  the 
plumbogummite  group  which  is  very  close  to  florencite. 
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ILLITE  ZONES  IN  NEW  MARKET  (“MOSHEIM”)  LIMESTONE, 
STEPHENS  CITY,  VIRGINIA 

W.  F.  Giannini,  M.  /.  Grove  Lime  Co .,  and 
R.  S.  Young,  University  of  Virginia 

Thin  zones  of  illite  have  been  observed  at  several  horizons  in  lower 
Middle  Ordovician  limestones  in  the  outcrop  belt  west  of  Stephens  City, 
Frederick  County,  Virginia.  These  zones  were  noted  in  the  Lincoln¬ 
shire  and  Edinburg  formations,  but  are  most  abundant  and  best  developed 
in  the  lower  40  feet  of  the  New  Market  (“Mosheim”)  limestone.  These 
occurrences  were  encountered  in  the  limestone  mine  at  Stephens  City  and 
in  drill  core  taken  over  nearly  a  mile  of  strike  length.  The  illite,  a  con¬ 
spicuous  green,  usually  occurs  in  1-2  inch  layers  within  a  2-3  foot  inter¬ 
val  and  may  display  well-developed  foliation.  X-ray  powder  diffraction 
patems  revealed  the  clay  beds  to  be  relatively  pure  illite,  contaminated 
only  by  minor  kaolinite.  Firing  tests  were  run  on  selected  specimens; 
the  samples  were  subjected  to  temperatures  up  to  1200  °C.  At  900 °C 
to  1000°C  significant  expansion  (“puffing”)  of  the  clay  layers  occurred, 
and  at  1100°C  incipient  fusion  was  noted.  In  lime  kilns,  operating  at 
approximately  1100°C,  the  clay  forms  frothy,  glassy-appearing  masses. 
The  illite  beds  appear  to  be  the  result  of  early  ( diagenetic? )  solution, 
which  concentrated  the  indigenous  clay  into  pockets,  with  subsequent  lithi- 
fication  and  slight  deformation  by  regional  folding  forces. 

STRATIGRAPHIC  RELATION  OF  NORTHWESTERN  EUROPE 
TO  THE  EUROPEAN  ARCTIC 

James  D.  Lowell 
Washington  and  Lee  University 

The  stratigraphy  of  the  countries  bordering  the  northern  portion  of 
the  North  Sea  in  northwestern  Europe,  and  Spitsbergen  and  Bear  Island 
in  the  Arctic,  is  compared  within  the  limits  of  control.  A  belt  of  Lower 
Paleozoic  geosynclinal  rocks  can  be  traced  intermittently  from  Scotland 
to  Bear  Island  and  Spitsbergen,  fringing  the  Precambrian  Baltic  Shield 
along  the  west  coast  of  Norway.  The  Precambrian  shield  was  a  con¬ 
trolling  influence  in  the  pattern  of  Early  Paleozoic  sedimentation;  the 
Lower  Paleozoic  rocks  were  welded  to  the  shield  during  the  Caledonian 
orogeny  and  then  acted  with  the  shield  in  controlling  subsequent  sedi- 
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mentation.  Devonian  rocks,  mainly  of  the  Old  Red  Sandstone  type, 
occur,  frequently  in  taphrogeosynclines,  in  Scotland,  western  Norway, 
Bear  Island,  and  Spitsbergen.  In  contrast  to  the  stratigraphic  similari¬ 
ties  displayed  between  northwestern  Europe  and  the  Arctic  during  Paleo¬ 
zoic  time  through  the  Devonian,  the  two  regions  have  basically  different 
Carboniferous,  Permian,  and  Triassic  sedimentary  sequences.  These  dif¬ 
ferences,  particularly  those  of  the  Permian  System,  could  have  been  par¬ 
tially  effected  by  a  barrier  trending  northeast  from  Scotland  and  the 
Shetland  Islands  to  the  west  coast  of  Norway.  Some  stratigraphic  con¬ 
tinuity  was  reestablished  in  Jurassic  and  Early  Cretaceous  times,  but  brok¬ 
en  again  in  the  Late  Cretaceous  and  Tertiary.  The  North  Sea  and  the 
Barents  Sea  appear  to  have  had  a  roughly  symmetrical  stratigraphic 
development,  though  not  in  precisely  the  same  structural  setting  that  Col- 
lete  (1960)  proposed.  Neither  geological  nor  geophysical  evidence  seem 
to  require  that  northwestern  Europe  or  the  European  Arctic  were  ever  in 
different  geographic  positions  relative  to  one  another. 

BRECCIA  ALONG  THE  “STAUNTON-PULASKI”  FAULT 
IN  THE  STAUNTON  15  FEET  QUADRANGLE 

Eugene  K.  Rader 

Virginia  Division  of  Mineral  Resources 

A  fault  breccia  exposed  along  the  “Staunton-Pulaski”  overthrust  in 
the  Staunton  quadrangle  consists  of  three  zones:  a  lower  megabreccia 
zone  composed  of  angular  blocks  and  fractured  masses  of  Beekmantown 
and  Elbrook  dolomite  and  limestone;  an  upper  megabreccia  zone  com¬ 
posed  of  angular  blocks  and  fractured  masses  of  Elbrook  limestone  and 
shaly  dolomite;  and  an  intervening  zone  of  “crush  conglomerate”  com¬ 
posed  of  rounded  fragments  of  limestone  and  dolomite.  Contacts  of  the 
upper  and  lower  breccia  with  the  contiguous  wall  rocks  are  gradational. 
The  breccia  at  several  localities  is  exposed  over  a  wide  area  and  is  a 
mappable  unit.  These  outcrop  areas  are  roughly  lenticular  with  the  long¬ 
est  axis  parallel  to  the  trace  of  the  fault.  West  of  Greenville  the  breccia 
has  a  maximum  outcrop  width  of  4000  feet.  The  upper  megabreccia  and 
‘"crush  conglomerate”  zones  are  exposed  across  from  Gypsy  Hill  Park  in 
Staunton.  Blocks  in  the  upper  megabreccia  are  relatively  large,  up  to 
75  feet  in  length,  and  are  surrounded  by  crush  conglomerate.  In  the 
lower  megabreccia  the  blocks  tend  to  be  much  smaller,  up  to  15  feet  in 
length,  and  are  also  surrounded  by  crush  conglomerate.  The  upper  mega¬ 
breccia  was  probably  formed  by  drag  on  the  toe  of  the  fault.  Frictional 
drag  of  the  overthrust  sheet  probably  acted  as  a  plucking  force  to  form 
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the  lower  megabreccia.  However,  talus  slopes  or  fans  may  have  been 
formed  in  front  of  the  overthrust  sheet  and  the  material  from  these  slopes 
incorporated  in  the  breccia.  The  “crush  conglomerate,”  that  grades  into 
the  megabreccia  above  and  below,  was  formed  by  the  milling  action 
between  the  megabreccias. 


LUMINESECENCE  PETROGRAPHY  AT  V.  P.  I.  — 

A  PRELIMINARY  REPORT 

J.  R.  Smyth,  Department  and  Geology 
and  R.  T.  Bell,  Department  of  Physics 

A  simple  device  for  electron-luminescence  petrography  has  been  con¬ 
structed  at  the  Virginia  Polytechnic  Institute  under  a  joint,  undergraduate 
research  project  in  the  departments  of  Geological  Sciences  and  Physics. 
Using  this  device,  uncovered  thin  sections  may  be  observed  under  elec¬ 
tron  bombardment  or  ordinary  light,  directly  or  through  an  attached  micro¬ 
scope.  To  eliminate  filament  and  discharge  glow  and  to  permit  ordinary 
and  polarized  light  obseravtions,  the  electron  source  is  located  so  that  the 
elecrton  beam  inpinges  upon  the  sample  from  below  with  an  incidence 
angle  of  53°.  The  equipment  has  been  qualitatively  evaluated  by  observ¬ 
ing  the  effects  on  sevral  known  luminescent  materials.  Quantitative 
evaluation  is  being  carried  on  bv  spectral  analyses  and  photo-multiplier 
counting.  Information  gathered  from  the  general  evaluation  is  being 
applied  to  specific  problems  dealing  with  plagioclase  feldspars. 


ANOTHER  LOOK  AT  THE  BETTS  QUARRY  PROBLEM 

W.  C.  Sherwood,  Virginia  Highway  Research  Council  and 
F.  J.  Fiedler,  Virginia  Polytechnic  Institute 

The  complex  structure  in  the  vicinity  of  the  Betts  quarry,  one  mile 
east  of  Harrisonburg,  has  long  been  a  subject  of  considerable  controversy. 
Two  of  the  latest  published  accounts  (Lowery  —  1960  and  Brent  —  1960) 
present  diametricallv  opposed  views.  Lowery’s  interpretation  involves  a 
structural  terrace  with  complex  folding  and  virtuallv  uninterrupted  sedi¬ 
mentation  while  Brent  favors  a  klippe  wherein  Edinburg  lithology  is  in 
fault  contact  with  the  Beekmantown.  Since  1960  much  new  material 
has  become  exposed.  A  thick  mentabentonite  layer  occurs  at  the  top 
of  the  uppermost  dolomite  (Beekmantown)  bed.  Above  the  bentonite 
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and  apparently  conformable  with  it  and  the  underlying  dolomite,  a  series 
of  dark  gray  to  black,  argillaceous,  dolomitic  limestones  approximately 
65  feet  thick  are  exposed.  The  typical  dove  gray,  vaughanitic,  New 
Market  lithology  occurs  stratigraphically  above  this  material.  Here  again 
the  beds  were  conformable  across  the  contact  and  no  evidence  of  a 
hiatus  was  found.  Apart  from  the  stratigraphic  and  sedimentological 
considerations,  additional  evidence  on  the  character  of  the  folds  has  be¬ 
come  available  since  1960.  Essentially  this  involves,  (1)  exposures  show¬ 
ing  that  the  tight  folding  has  affected  the  beds  both  above  and  below 
the  bentonite  layer  and  (2)  bedding  cleavage  relationships  clearly  indicat¬ 
ing  the  presence  of  overturned  folds.  In  conclusion,  the  present  authors 
prefer  the  Lowery  point  of  view  of  a  structural  terrace  with  complex 
local  folding,  with  an  upper  Beekmantown  designation  for  the  dark  inter¬ 
mediate  lithologies. 
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SECTION  OF  MATERIAL  SCIENCE 

FRACTURE  TOUGHNESS  OF  ALUMINUM  ALLOYS 

J.  H.  Dedrick 
Director  of  Basic  Research 
Reynolds  Metals  Company,  Richmond 

In  the  simplest  terms  fracture  toughness  of  a  material  determines 
how  big  a  crack  or  flaw  the  material  is  able  to  tolerate  without  fracture 
when  loaded  to  a  level  approaching  that  at  which  it  would  fail  by  ex¬ 
cessive  plastic  deformation.  Normally  the  commercial  aluminum  alloys 
used  today  in  most  structural  applications  are  so  tough  that  “low  ductility 
fracture”  is  nonexistent.  However,  the  development  of  alloys  having 
higher  and  higher  strengths  for  missile  and  aircraft  applications,  where 
their  high  strength  must  be  used  to  the  maximum  advantage,  has  resulted 
in  situations  where  the  possibility  of  catastrophic  low  ductilitv  failure 
must  be  considered.  To  this  end  considerable  work  is  being  carried  out 
in  the  aluminum  and  aircraft  industries  in  order  to  obtain  reliable  frac¬ 
ture  toughness  data  on  the  higher  strength  aluminum  allovs.  In  addi¬ 
tion,  efforts  are  being  made  to  better  understand  the  relation  between 
microstructure  and  compositon  of  an  alloy  and  its  fracture  toughness. 
In  this  paper  a  review  of  the  more  recent  work  on  fracture  toughness 
investigations  on  high  strength  aluminum  allovs  is  discused.  Analvsis 
techniques,  test  procedures,  and  metallurgical  aspects  of  fracture  are  cov¬ 
ered. 


ON  THE  SELECTION  OF  SLIP  PLANES  IN  FCC  METALS 

T.  R.  Duncan  and  Doris  Kuhlmann-Wilsdorf 
Department  of  Materials  Science 
University  of  Virginia 

Recent  calculations  on  dislocations  in  cubic  anisotropic  crvstals  reveal 
that  dislocations  with  14  <1 10 >  Burgers  vectors  invariablv  have  smaller 
elastic  energies  on  a  {110}  slip  plane  than  on  the  {111}  plane,  even 
though  (111}  is  the  experimental^  observed  slip  plane.  The  same  result 
had  earlier  been  obtained  bv  Foreman  for  the  particular  cases  of  alumi¬ 
num,  copper  and  gold.  The  extension  of  dislocations  on  {111}  slip 
planes  into  (1/6)<112>  partials  does  not  overcome  all  of  the  energy  dif- 
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ference  involved.  It  is  proposed  that  a  hitherto  unsuspected  effect  bridges 
the  remaining  energy  gap,  making  {111}  the  stable  slip  plane.  It  is 
due  to  the  fact  that  the  theoretical  critical  resolved  shear  stresses  on 
{111}  planes  is  lower  than  on  any  other  plane.  Thus,  the  radius  of 
the  dislocation  cores  is  largest  on  {111},  and  correspondingly,  the  elastic 
stress  field  does  not  extend  as  close  to  the  core  as  it  does  on  any  other 
slip  plane,  leading  to  a  corresponding  reduction  in  the  elastic  disloca¬ 
tion  energy. 

STRESSES  AND  ENERGIES  OF  GLIDE  DISLOCATIONS  IN  FCC 
METALS  AND  DIAMOND  TYPE  CRYSTALS 

Theodore  R.  Duncan  and  Doris  Kuhlmann-Wilsdorf 
Department  of  Materials  Science 
University  of  Virginia 

The  resolved  shear  stress  which  an  edge  dislocation  on  a  {111}  slip 
plane  with  a  V2  <110  >  Burgers  vector  exerts  on  another,  parallel  {111} 
plane,  at  a  distance  y0 ,  has  been  calculated  for  the  case  of  cubic  aniso¬ 
tropy.  The  dislocation  described  is  the  most  important  glide  dislocation 
in  fee  and  diamond  type  crystals,  and  its  stress  system  was  only  imper¬ 
fectly  known  in  the  past.  Numerical  calculations  have  been  performed 
for  this  dislocation  in  several  of  the  most  important  fee  metals,  as  well 
as  in  germanium,  silicon  and  diamond.  These  calculations  reveal  that 
the  effects  of  anisotropy  are  neither  negligible,  nor  predictable.  As  the 
most  important  results  it  was  found  1)  that  the  angular  orientation  at 
which  two  parallel  edge  dislocations  of  opposite  sign  are  in  equilibrium 
is  shifted  markedly  from  its  usual  positon  under  45°,  and  2)  that  in 
contrast  to  any  previous  cases  calculated,  the  magnitude  of  the  stress 
maxima  is  always  greater  than  the  magnitude  of  the  stress  minima.  The 
energy  factors  of  the  dislocations  have  also  been  calculated.  These  are 
always  close  to  (within  less  than  8%)  the  isotropic  case.  The  approxi¬ 
mation  formula  by  Aerts,  Delavignete,  Siems  and  Amelinckx  is  not  signif¬ 
icantly  better  than  that. 
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NITRIDES  IN  TYPE  304  STAINLESS  STEEL 

John  F.  Eckel,  T.  P.  Floridis,  and  B.  N.  Ferry 
Deaprtment  of  Metals  and  Ceramic  Engineering 
Virginia  Polytechnic  Institute 

Type  304  stainless  steel  wires  were  heated  at  1000°F  in  atmospheres 
consisting  of  mixtures  of  ammonia  and  hydrogen.  A  nitride  case  was 
formed  when  the  ammonia  content  of  the  atmosphere  exceeded  70  per¬ 
cent  (v/o).  The  maximum  nitrogen  content  of  the  nitride-free  steel 
at  1000°C  was  0.125  percent  (w/o).  Examination  of  nitride-containing 
steel  specimens  by  x-ray  diffraction  has  revealed  the  presence  of  Cr2N, 
CrN,  and  Fe4N.  Nitride-containing  specimens  were  dissolved  in  solu¬ 
tions  of  halogens  in  alcohols,  leaving  nitride-rich  residues.  Examina¬ 
tion  of  the  residues  by  x-ray  diffraction  has  revealed  the  presence  of  Cr2N, 
CrN,  and  Si3N4  .  (The  experimental  assistance  of  Messrs.  L.  P.  W.  Chin, 
Y.  Y.  Koo,  and  M.  T.  Wang  is  gratefullv  acknowledged). 

FIBER  MEDIA  FOR  CONTINUOUSLY  SELF  CLEANING 
UNITARY  AIR  FILTERS 

J.  M.  Ewart 

Space  Conditioning ,  Inc.,  Harrisonburg 

A  proposal  for  a  means  of  cleaning  the  air  circulating  through  resi¬ 
dential  air  conditioning  and  heating  systems  required  a  material  used  as 
a  filtering  media  to  meet  the  following  conditions:  1)  Withstand  con¬ 
tinuous  immersion  in  any  residential  fresh  water,  2)  Load  with  residen¬ 
tial  air  born  contamination  without  an  air  flow  pressure  drop  greater 
than  contemporary  air  fitlers,  3)  Maintain  an  air  cleaning  efficiency 
of  78%  as  defined  bv  National  Buerau  of  Standards  procedure  at  the 
rated  air  flow,  4)  Release  the  collected  contaminates  under  water  with¬ 
out  special  treatments,  and  5)  Withstand  at  least  two  (2)  years  life 
in  normal  applications.  An  extensive  material  search  revealed  two  (2) 
different  materials  for  consideration  and  testing.  Suppliers  were  con¬ 
tacted  and  their  recommendations  were  used  to  narrow  down  the  param¬ 
eters  of  the  materials  to  be  tested.  Laboartory  tests  were  supplemented 
with  field  tests  to  provide  data  to  specify  the  media  for  production. 
The  selected  fiber  media  has  shown  satisfactory  performance  in  produc¬ 
tion  units  and  in  addition  has  provided  other  necessary  functions  in  the 
total  air  treatment  system. 
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THE  EFFECT  OF  NITROGEN  ON  THE  MECHANICAL  PROP¬ 
ERTIES  OF  AISI  TYPE  304  STAINLESS  STEEL 

B.  N.  Ferry  and  John  F.  Eckel 
Department  of  Metals  and  Ceramic  Engineering 
Virginia  Polytechnic  Institute 

Nitrogen  is  a  well  known  hardening  agent  for  austenitic  stainless 
quenching  and  forming  martensite,  the  principal  cause  of  hardening  by 
steels.  In  contrast  to  carburizing  in  which  hardening  is  obtained  by 
quenching  and  forming  martensite,  the  principal  cause  of  hardening  by 
nitriding  is  instead  by  the  formation  of  an  extremely  finely  divided  nitride. 
Nitrided  and  unnitrided  AISI  Type  304  wires  were  tensile  tested  at 
150  °C  in  the  dilatometer  by  varying  the  tensile  load.  These  tests  showed 
that  the  proportional  limit  was  raised  by  increasing  the  nitrogen  content. 
AISI  Type  304  wires  with  different  concentrations  of  nitrogen  were 
prestrained  at  150°  C  and  then  tensile  tested  at  150°C  to  obtain  work 
hardening  rates.  The  work  hardening  rate  was  not  materially  increased 
until  the  nitrogen  content  was  sufficiently  high  to  result  in  the  presence 
of  nitrides.  Metallo graphic  investigation  of  the  wire  specimens  before 
and  after  testing  did  not  show  a  change  in  the  nitride  morphology  for 
high  nitrogen  content  wires  or  nitride  precipitation  for  the  low  nitrogen 
content  wires.  The  degree  of  ferro-magnetism  of  the  Type  304  wires 
with  different  levels  of  nitrogen  were  the  same  before  and  after  small 
amounts  of  plastic  starinin  gat  150°C.  This  indicates  plastic  straining 
did  not  initiate  a  ferrite  or  nitrogen-martensite  transformation. 

A  DYNAMICAL  THEORY  OF  SOLID  STATE  DIFFUSION 

Wilbur  M.  Franklin 
Department  of  Materials  Science 
University  of  Virginia 

A  unification  of  two  previous  theories  of  solid  state  diffusion  based 
on  many-body  statistical  mechanics  and  on  the  superposition  of  harmonic 
lattice  vibrations  has  been  accomplished  and  extended  to  include  anharm- 
onic  terms  in  the  potential  energy.  The  magnitude  of  the  contribution 
of  the  anharmonic  terms  in  many  solid  state  diffusion  processes  is  of  the 
same  order  as  that  of  the  harmonic  terms.  The  theory  was  formulated 
so  that  classical  and  contemporary  lattice  vibration  theorv  could  be 
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utilized.  It  is  shown  that  quantization  of  the  displacement  field  is  pos¬ 
sible  within  the  formalism  and  the  effects  of  first  quantization  are  dis¬ 
cussed.  The  applicability  of  the  theory  is  discussed  for  crystals  in  which 
the  Born-Oppenheimer  adiabatic  principle  holds  and  for  crystals  in  which 
electron-phonon  interaction  must  be  accounted  for.  The  manner  in  which 
the  frequency  factor  and  activation  energy  can  be  evaluated  for  specific 
diffusion  mechanisms  is  shown. 


SOME  OBSERVATIONS  ON  THE  REVERSIBLE  INTRAMOLECULAR 
TRANSITION  BETWEEN  FORMS  I  AND  II  OF  POLY-L-PROLINE 

Fred  Gornick 

Department  of  Materials  Science 
University  of  Virginia 

The  cumulative  work  of  several  different  groups  of  investigators  has 
demonstrated  that  the  synthetic  polyimino  acid  of  L-proline 


may  exist  in  either  of  two  isomeric  forms  differing  markedly  in  their  solu¬ 
tion  properties  as  well  as  in  their  crystallographic  structure.  It  has  also 
been  shown  that  the  transition  between  the  two  forms  may  be  effected 
in  a  reversible  manner  by  appropriate  change  in  the  solvent  medium. 
The  present  study  is  a  continuation  of  previous  work  by  the  author  and 
co-workers  on  the  mechanism  of  the  transition  in  dilute  solution.  In 
particular  the  optical  rotation  and  rotatory  dispersion  of  poly-L-proline 
in  various  stages  of  its  transition  has  been  studied  in  a  single  solvent 
system.  The  results  of  this  study  re-enforces  the  previous  conclusion  that 
the  transition  is  a  highly  co-operative  configurational  transition  requir¬ 
ing  co-ordinated  isomerization  of  the  backbone  bonds  of  the  polymer. 
If  anything  these  recent  results  indicate  that  the  transition  is  even  more 
abrupt  than  was  previously  believed. 
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THE  REACTION  OF  CARBON  MONOXIDE  WITH  METAL  THIN 

FILMS 

Helen  E.  Grenga  and  Kenneth  R.  Lawless 
Department  of  Materials  Science 
University  of  Virginia 

Monocrystalline  thin  films  of  nickel  with  (100),  (110)  and  (111) 
orientations  were  treated  with  CO  from  15  minutes  to  1  hour  at  550 °C. 
The  electron  microscope  was  used  for  examination  of  films  before  and 
after  the  reaction.  Polycrystalline  graphite  with  no  preferred  orienta¬ 
tion  was  formed  on  (100)  films,  while  on  (110)  and  (111)  films  the 
basal  plane  of  the  graphite  was  parallel  to  the  substrate  surface.  Graphite 
streamers,  running  in  an  001  direction  were  found  on  the  (110)  films, 
whereas  sheets  of  graphite,  sometimes  showing  hexagonal  and  spiralling 
formations  were  found  on  the  (111)  films.  No  correlation  was  found 
between  sites  of  graphite  nucleation  and  stacking  faults  or  dislocations. 
From  replica  studies,  however,  evidence  was  found  for  graphite  nuclea¬ 
tion  on  surface  steps. 

ASPECTS  OF  THE  CORRSION  OF  DENTAL  AMALGAMS 

C.  Earl  Guthrow,  Jr. 

Department  of  Materials  Science 
University  of  Virginia 

A  broadly  based  program  designed  to  further  man’s  knowledge  of 
the  corrosion  and  deterioration  of  dental  materials  in  an  oral  environ¬ 
ment  has  been  initiated.  In  the  preliminary  studies  dental  amalgams, 
silver  amalgams  and  tin  amalgams  were  corroded  in  vitro  in  Ringer’s  and 
artificially  prepared  saliva  solutions  by  employing  a  potentiostatic  tech¬ 
nique.  The  surfaces  of  the  samples  were  examined  before  and  after 
reaction  by  optical  and  electron  microscopic  techniqeus  and  some  of  the 
reaction  products  were  identified. 


1966] 


Proceedings  1965-1966 


329 


DOMAIN  REARRANGEMENTS  IN  NiF2  WITH  MAGNETIC 
FIELDS  AND  UNIAXIAL  PRESSURE 

Karl  Haefner 

Department  of  Metals  and  Ceramic  Engineering 
Virginia  Polytechnic  Institute 

Past  work  has  shown  that,  at  room  temperature,  NiF2  has  the  tetra¬ 
gonal  rutile  structure  P  44/mnm.  Below  the  magnetic  ordering  tempera¬ 
ture  of  73.2 °K  a  weak  ferromagnetic  moment  appears.  Neutron  diffrac¬ 
tion,  fluorine  nuclear  resonance  experiments,  and  theoretical  work  has 
demonstrated  that  the  spins  of  the  nickel  ions  lie  in  the  ab  plane,  being 
tilted  from  the  b-axis  (b<a)  by  1  or  2  degrees  of  arc,  with  a  result¬ 
ing  weak  ferromagnetic  moment  pointing  in  the  direction  of  the  a  axis. 
Present  x-ray  and  neutron  diffraction  work  carried  out  at  21.4  and  4.2° K 
has  shown  that  the  magnetic  ordering  gives  rise  to  a  tetragonal  to  orthor¬ 
hombic  phase  transformation,  which  is  obscured  by  domain  arrangement 
of  the  orthorhombic  cells.  Both  the  application  of  magnetic  fields  and 
uniaxial  pressure  to  single  crystals  of  NiF2  cause  domain  rearrange¬ 
ment,  as  determined  from  observation  of  the  magnetic  100,  001,  102, 
and  201  intensities. 


CONTACT  AREA  AND  REACTION  RATES  FOR  METAL 
POWDERS  AND  SOLID  OXIDANTS 

L.  B.  Johnson,  Jr. 

Department  of  Materials  Science 
University  of  Virginia 

Materials  used  for  slow-delay  fuzes  are  generally  metal  powders 
mixed  with  solid  oxidants.  If  one  plots  the  heat  output  of  such  a  sys¬ 
tem  against  the  compositon,  one  obtains,  as  expected,  a  maximum  in  the 
curve  at  the  stoichiometric  ratio.  If  one  plots  reaction  rate  against 
composition,  rather  unexpectedly,  one  obtains  a  maximum  in  the  curve 
invariably  at  a  higher  metal  powder  content  than  the  stoichiometric  ratio. 
Treating  the  particles  as  spheres,  the  weight  ratios  have  been  calculated 
which  should  yield  a  maximum  contact  area  between  unlike  species. 
It  is  suggested  that  this  ratio  helps  determine  the  percentage  composi¬ 
tion  at  which  the  maximum  reaction  rate  occurs.  Experimental  data  for 
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the  system  composed  of  powdered  selenium  and  barium  peroxide  have 
been  used  to  check  the  conclusions  obtained  in  the  above  calculations. 


THHERMALLY-ACTIVATED  DEFORMATION  OF 
POLYCRYSTALLINE  METALS 

J.  J.  Laidler 

Department  of  Materials  Science 
University  of  Virginia 

Current  applications  of  the  theory  of  thermally  activated  deforma¬ 
tion  of  solids  assume  that  this  approach  gives  substantially  the  same  results 
whether  applied  to  single  crystals  or  to  polycrystals.  There  has  been, 
however  ,no  systematic  demonstration  of  the  validity  of  this  assumption. 
As  a  test,  single  crystals  and  polycrystals  of  high  purity  molybdenum 
were  subjected  to  strain-rate  change  tests  in  the  vicinity  of  room  tem¬ 
perature.  The  apparent  activation  volume,  V*,  was  found  to  increase 
with  strain  in  the  case  of  polycrystals  and  to  decrease  with  strain  in  the 
case  of  single  crystals.  This  anomalous  behavior  is  ascribed  to  opera¬ 
tion  of  grain  boundary  dislocation  sources  in  the  polycrystalline  mate¬ 
rial.  A  method  is  presented  whereby  the  true  activation  volume,  V*t , 
is  calculated  by  determining  the  effect  of  dislocation  multiplication  on 
the  parameters  involved  in  the  expression  for  V*.  (Sponsored  by  Doris 
Kuhlmann-Wilsdorf ) 


PRECIPITATION  OF  NbC  IN  A  Nb-MODIFIED  MoTZC  ALLOY 
J.  L.  Lytton,1  R.  M.  Bonesteel,2  and  L.  C.  Potter3 

It  has  recently  been  shown  that  annealin  gof  a  Nb-Modified  Mo¬ 
TZC  alloy  below  about  3300°F  (1817°C)  produces  decomposition  of 
Mo2C  and  simultaneous  precipitation  of  NbC  platelets  about  one  micron 
in  diameter.  The  techniques  of  transmission  electron  microscopy  were 
used  to  study  these  platelets,  and  it  was  found  that  they  were  formed 
on  the  {001}  planes  of  the  Mo-rich  matrix.  Electron  diffraction  pat¬ 
terns  from  thin  foils  suggests  the  following  orientation  relationships: 
[001]  Mo  ||  [001]  NbC  and  [010]  Mo  ||  [110]  NbC.  The 

effects  of  this  precipitation  on  workability  and  final  sheet  properties  are 
discussed.  ^Formerly  Research  Scientist,  Lockheed  Missiles  and  Space 
Company,  now  Associate  Professor  of  Metallurgical  Engineering,  Virginia 
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Polytechnic  Institute,  Blacksburg,  Virginia.  Scientist,  Lockheed  Mis¬ 
siles  and  Space  Company,  Palo  Alto,  California.  3Formerly  Scientist, 
Lockheed  Missiles  and  Space  Company,  now  Instructor  of  Engineering, 
Foothill  College,  Los  Altos,  California.) 


A  PROTECTION  DEVICE  FOR  VACUUM  EQUIPMENT 

Angus  MacDonald 
Department  of  Materials  Science 
University  of  Virginia 

Any  continuously  pumped  vacuum  apparatus  is  subject  to  severe 
damage  due  to  electric  power  failure.  At  worst,  the  equipment  may 
become  full  of  oil  due  to  suck-back,  or  full  of  air,  so  that  the  diffusion 
pump  oil  is  cracked.  An  inexpensive  device  is  described,  which  shuts 
down  vacuum  equipment  upon  power  failure,  and  leaves  it  shut  down 
until  it  may  be  restarted  manually  with  due  regard  to  the  proper  procedure. 
(Sponsored  by  Doris  Kuhlmann-Wilsdorf ) . 

THE  INTERACTION  BETWEEN  BLOOD  AND 
THE  SURFACE  OF  MATERIALS 
D.  B.  Matthews 
Department  of  Materials  Science 
University  of  Virginia 

A  programme  of  studies  has  been  instigated  with  the  aim  of  develop¬ 
ing  prosthetic  materials  which  do  not  interfere  with  the  normal  func¬ 
tion  of  blood.  These  studies  have  been  concerned  mainly  with  inter¬ 
facial  phenomena  such  as  adsorption  and  electrochemical  reactions.  The 
effects  of  passage  of  electric  current  on  the  tendency  of  blood  or  plasma 
to  coagulate  when  in  contact  with  a  foreign  surface  have  been  studied 
using  a  photometric  technique.  The  photometric  technique  enabled  the 
blood  coagulation  process  to  be  subdivided  into  the  fibrin  formation 
stage  and  the  fibrin  polymerisation  stage,  thus  eliminating  the  arbitrari¬ 
ness  of  such  clinical  tests  as  the  partial  thromboplastin  clotting  time. 
This  abilitv  to  study  blood  coagulation  in  two  stages  had  important 
consequences  regarding  the  effect  of  platelets,  platelet  fragments,  sur¬ 
face  activation  and  various  foreign  surfaces  on  blood  coagulation.  (Spon¬ 
sored  bv  Averv  Catlin ) . 


332  The  Virginia  Journal  of  Science  [September 

CALCULATION  OF  ATOMIC  CONFIGURATIONS  OF 
POINT  DEFECTS 

Fredrik  A.  Muller 
Dept,  of  Materials  Science 
University  of  Virginia 

Lattice  distortions  and  relaxation  energies  about  atomic  vacancies  in 
fee  metals  have  recentlv  been  calculated  with  the  aid  of  a  digital  computer 
(M.  Doyama  &  R.  M.  J.  Cotterill,  Phys.  Rev.,  137,  A994  (1965).  The 
method  relaxes  individual  atomic  co-ordinates  by  a  fixed  interval  in  the 
lattice  directions  by  observing  a  decreased  energy  of  the  system  while 
using  a  Morse  function  for  the  interaction  potential.  The  method  essentially 
is  one  of  trial  and  error.  This  paper  presents  the  method  of  least  squares 
applied  to  this  problem  and  yields  a  compact  and  systematic  algorithm. 
An  advantage  of  this  alogrithm  is  that  it  removes  the  arbitrariness  of  the 
trial  shifts  by  computing  both  the  directions  and  magnitudes  of  the  atomic 
relaxations.  The  calculations  are  more  general  and  should  not  be  as  com¬ 
puter  limited  as  the  trial  and  error  method.  Therefore  it  probably  will 
handle  larger  multi-vacancies  and  systems. 

LOW  ENERGY  ELECTRON  DIFFRACTION  STUDY  OF  OXYGEN 
ABSORPTION  ON  SINGLE  CRYSTAL  COPPER  SURFACES 

Gary  W.  Simmons  and  Kenneth  R.  Lawless 
Department  of  Materials  Science 
University  of  Virginia 

Low  energy  electron  diffraction  (LEED)  provides  a  sensitive  method 
for  studying  the  surface  structural  changes  accompanying  the  adsorption 
of  gases  on  solids.  LEED  has  been  used  to  study  the  basic  structural 
features  associated  with  the  adsorption  of  oxygen  on  the  (100)  and 
(110)  laces  of  copper.  The  procedures  for  obtaining  clean  (100)  and 
(110)  copper  surfaces  have  been  established.  From  the  diffraction  pat¬ 
terns  and  intensity  distribution  of  the  diffraction  spots,  models  for  the 
adsorption  structures  for  these  copper  surfaces  have  been  proposed. 
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THE  MECHANICAL  PROPERTIES  OF  THE  PHASES  OF 
DENTAL  AMALGAM 

F.  A.  Young,  Jr. 

Department  of  Materials  Science 
University  of  Virginia 

The  mechanical  behavior  of  dental  amalgam  has  long  been  a  curios¬ 
ity.  Amalgam  has  a  tensile  strength  which  may  be  1/5  to  1/10  of  its 
strength  in  compression.  An  investigation  of  the  behavior  of  the  phases 
present  in  dental  amalgam  will  be  described  and  the  strengths  of  the 
various  phases  related  to  the  behavior  of  the  amalgam. 


THIN  FILM  COATING  PROCESS  PROBLEMS 

George  M.  Drake,  Jr. 

E.  I.  du  Font  de  Nemours  &  Co.,  Richmond 

Special  coatings  are  applied  to  many  thin  films  to  make  them  suit¬ 
able  for  rather  demanding  end-use  packaging  applications.  There  are 
a  number  of  process  problems  involved  in  coating  thin  films  that  are  ex- 
tenisons  of  conventional  unit  operations.  For  example:  Once  the  pre¬ 
liminary  coating  formulation  work  has  been  completed,  a  method  for 
applying  a  uniform  layer  of  the  coating  solution  (or  dispersion)  must 
be  established.  Then  drying  (coalescing)  and  solvent  removal  condi¬ 
tions  must  be  determined  and  depending  upon  the  substrate  material 
being  coated,  there  may  be  some  peculiar  film  handling  problems  involved. 

This  paper  is  primarily  concerned  with  an  experimental-theoretical 
analysis  of  the  drving-solvent  removal  problem  in  coating  thin  films  al¬ 
though  other  specific  process  problems  are  noted.  An  infrared  solvent 
monitoring  system  used  to  obtain  drying  data  is  described  in  detail  and 
results  are  given  in  both  graphical  and  tabular  form.  This  selection  of 
a  portion  of  the  coating  process  for  isolated  study  and  analysis  demon¬ 
strates  how  segments  of  the  more  complex  problem  can  be  studied  apart 
from  the  overall  process. 
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SECTION  OF  MEDICAL  SCIENCE 

THE  FUNCTION  AND  MECHANISM  OF  ACTION 
OF  THYROID  HORMONES 

Sami  Al-Mudhaffar  and  C.  J.  Ackerman 
Department  of  Biochemistry  and  Nutrition 
Virginia  Polytechnic  Institute 

Inosine  monphosphate  (IMP)  is  a  precursor  of  the  two  purine 
nucleotides,  adenosine  monophosphate  (AMP)  and  guanosine  monophos¬ 
phate  (GMP):  IMP  adenylosuccinate  — >  AMP  and  I MP— >  xanthine 
monophosphate  (XMP)  ^  GMP.  The  enzymes  catalyzing  the  first  steps 
in  each  of  these  conversions  have  been  purified  by  (NH4)2S04  precipita¬ 
tion  and  by  passage  through  DEAE-sephadex.  The  reaction  IMP  — > 
adenvlosuccinate  is  stimulated  maximally  when  it  is  incubated  with  10~9M 
of  3,5,3Mriiodo-L-thyronine  or  KHM  of  L-thyroxine.  However,  the 
reaction  IMP  XMP  is  inhibited  maximally  by  KHM  of  3,5,3'-triiodo- 
L-thyronine  or  10_7M  of  L-thyroxine.  D-thyroxine  or  other  physiologi¬ 
cally  inactive  analogues  of  thyroid  hormones  had  little  or  no  effect  on 
these  reactions.  Thus,  thvroid  hormones  would  increase  the  amount  of 
AMP  needed  for  ATP  synthesis,  but  they  would  also  control  the  cellular 
AMP/GMP  ratio.  It  is  postulated  that  the  cellular  AMP/GMP  ratio 
is  a  device  for  regulating  the  synthesis  of  specific  nucleic  acids  which 
in  turn,  would  be  involved  in  the  synthesis  of  specific  enzymes. 

HYDRAZINE  HEPATOTOXICITY  AND  PROTEIN  METABOLISM 
William  L.  Banks,  Jr. 

Department  of  Biochemistry,  Medical  College  of  Virginia 

Groups  of  thirty  male  adult  rats  were  injected  with  1.25  mmole/kg. 
(60%  LDrl0)  of  neutralized  hydrazine,  fasted  and  sacrificed  after  four 
or  twentv-four  hours.  Control  groups  of  thirty  animals  which  had  re¬ 
ceived  saline  were  fasted  and  sacrificed  after  four  or  twenty-four  hours. 
The  animals  were  exsanguinated  and  their  livers  were  removed,  weighed, 
and  frozen.  Samples  of  liver  homogenates  were  assaved  for  RNA,  DNA, 
and  protein  content.  In  comparison  to  the  control  animals  the  livers 
from  the  hydrazine-treated  groups  were  markedly  enlarged  and  contained 
significantly  greater  quantities  of  total  liver  DNA  at  both  four  and  twenty- 
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four  hours  after  treatment.  Fasting  alone  did  not  alter  the  quantity  of 
total  liver  DNA.  Total  liver  protein  and  RNA  as  well  as  protein/DNA 
and  RNA/DNA  were  not  altered  by  hydrazine  treatment  at  four  hours. 
At  twenty-fours,  however,  hydrazine  treatment  produced  a  marked  eleva¬ 
tion  in  the  levels  of  these  quantities.  The  ratio  of  liver  protein/RNA 
was  constant  for  all  four  groups  of  rats.  In  addition,  the  electrophoretic 
patterns  of  the  serum  proteins  indicate  that  only  the  concentration  of 
«2  serum  globulins  of  the  serum  proteins  produced  in  the  liver  was  signif¬ 
icantly  increased  at  twenty-four  hours  by  hydrazine  treatment.  Hydra¬ 
zine  treatment  produced  an  alteration  in  liver  DNA  prior  to  the  changes 
in  liver  protein  and  RNA.  These  results  might  suggest  that  the  hydrazine- 
induced  stimulation  in  liver  protein  biosynthesis  may  have  been  the  con¬ 
sequence  of  an  aberration  in  DNA  metabolism. 

LACTIC  DEHYDROGENASE  IN  THE  DEVELOPING 
BRINE  SHRIMP 

Carol  L.  Bashaw,  Barbara  M.  Geisler  and  Edward  S.  Kline 
Department  of  Biochemistry ,  Medical  College  of  Virginia 

Desiccated  brine  shrimp  eggs  possess  very  little  lactic  dehydrogenase 
(LDH)  activity  and  no  isozymic  forms  of  this  enzyme  can  be  detected 
at  this  stage  of  development.  In  salt  water,  under  conditions  employed 
in  our  laboratory,  about  60%  of  these  eggs  will  be  hatched  after  24  hours. 
During  this  overall  period  of  time,  LDH  activity  markedly  increases  and 
isozymic  forms  of  LDH  appear.  These  changes  are  not  gradual  through¬ 
out  this  time  period,  but  start  instead  at  about  the  fifteenth  hour  and 
continue  for  at  least  the  remainder  of  the  24  hour  period.  Although 
respiration  increases  throughout  the  entire  “hatching”  period,  no  obvious 
correlation  can  be  seen  regarding  such  changes  and  the  alteration  of  LDH 
activity  and  compositon.  At  this  time  no  mechanisms  can  be  invoked 
to  explain  these  findings.  (Supported  in  part  by  N.I.H.  grant  AM — 
08609). 
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MYOCARDIAL  DEPRESSION  BY  PLASMA  FROM  CATS 
IN  POST-OLIGEMIC  SHOCK 


Eugene  D.  Brand  and  Allan  M.  Lefer 
University  of  Virginia  School  of  Medicine 

In  vivo  studies  suggest  that  myocardial  depression  may  be  present 
in  irreversible  post-oligemic  shock  in  the  cat.  In  the  present  study  we 
used  cat  papillary  muscles  in  vitro  to  measure  contractility  of  cardiac 
muscle  removed  from  normal  cats  and  from  cats  early  in  irreversible 
post-oligemic  shock  (EPOS).  Cardiac  muscle  from  cats  in  EPOS  func¬ 
tioned  normally  when  bathed  in  Krebs-Henseleit  solution.  Plasma  from 
cats  in  EPOS  however,  depressed  contractile  force  by  26%  in  papillary 
muscles  from  either  normal  anesthetized  cats  or  from  cats  in  EPOS. 
Washing  the  muscles  in  Krebs-Henseleit  solution  completely  reversed  the 
depression.  Plasma  from  cats  late  in  shock  depressed  contractility  even 
more  (avg.  43%).  This  depression  was  not  completely  reversed  on 
washing.  The  following  measured  changes  in  plasma  from  cats  in  shock 
were  not  responsible  for  the  observed  depression  of  contractile  force: 
elevation  of  potassium  to  8.0  mEq/L,  elevation  of  osmolality  from  300 
to  340  mOs/L,  and  depression  of  pH  to  6.94.  In  summary:  a  myocardial 
depressant  substance  reversible  on  washing,  is  present  in  the  plasma 
of  cats  early  in  post-oligemic  shock.  (Supported  by  grants  from  the  U.  S. 
Public  Health  Service  and  the  Virginia  Heart  Association.) 

PERFORMANCE  OF  THE  ADULT  SPRAGUE-DAWLEY  RAT  IN  AN 
ALLEY  RUNWAY  FOLLOWING  X-IRRADIATION 
OF  THE  FOREBRAIN 

E.  B.  Burton,  Jr.,  E.  H.  Ingersoll,  A.  L.  Carsten  and  R.  H.  Brownson 
Medical  College  of  Virginia  and  Brookhaven  National  Laboratory 

Rats  were  administered  limited-head  irradiation,  using  a  250  kVp 
General  Electric  Maxitron  x-ray  machine.  The  dose  rate,  as  measured 
by  implanted  thermoluminescent  dosimeters,  was  490  rad  per  minute  at 
250  kv  and  30  ma^  h.v.l.  =  2.15  Cu.  Animals  were  anesthetized  and 
secured  to  a  lucite  holder  with  their  heads  immobilized  in  contact  with 
a  1  cm2  beam  collimeter  so  that  the  forebrain  was  directly  in  front  of 
the  aperture  without  exposing  the  eyes.  Each  experimental  animal  re¬ 
ceived  a  single  dose  of  2.5  or  5  krad  and  was  tested  at  either  4  or  12 
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weeks  post  radiation  time.  The  apparatus  used  and  the  methods  em¬ 
ployed  have  been  described  (Burt  and  Ingersoll,  J.  Comp.  Physiol.  Psychol., 
59:  90,  1965).  Data  indicate  that  ionizing  radiation  of  the  forebrain 
significantly  altered  performance  at  4  but  not  at  12  weeks.  Neuro- 
pathological  findings  will  be  reported.  (Supported  by  American  Cancer 
Society  and  NIH  Grant  NB— 704). 

RETINAL  TEMPERATURE  CALCULATIONS  USING 
A  THERMAL  MODEL 

A.  M.  Clarke,  Walter  J.  Gerraets,  William  T.  Ham,  Jr. 

Medical  College  of  Virginia 

Two  approaches  to  a  thermal  model  for  retinal  burns  are  presented. 
The  first,  after  Vos,  employs  an  energy  absorption  mechanism  such  that 
heat  is  generated  uniformly  throughout  the  choroid  or  pigment  epithelium. 
Using  this  model  and  the  latest  data  reported  by  Ham,  et.  al.,  the  maxi¬ 
mum  temperature  reached  during  the  production  of  “threshold”  lesion  is 
plotted  as  a  function  of  exposure  time.  The  calculated  values  are  then 
compared  with  the  measured  temperatures  reported  in  the  literature  by 
groups.  To  overcome  the  limitations  of  the  first  model,  a  second  model 
(a  special  case  of  a  more  general  model  due  to  Ridgeway)  is  used  to 
calculate  exponential  ( Lambert-Beers )  absorption  of  light  energy  by  the 
retina.  Solved  specifically  for  the  steady  state  case,  this  model  is  used 
for  the  calculation  of  the  temperature  rise  for  various  sized  bums  for 
exposure  times  greater  than  one  second.  A  series  of  burns  on  a  specific 
rabbit  yielded  temperatures  of  20 °C  for  burn  diameters  between  0.4 
mm.  and  1.2  mm.  This  value  is  very  close  to  that  predicted  by  Hen- 
riques  for  skin  burns  at  this  exposure  time.  (Supported  by  Contract 
DA  49  193  MD  2241,  U.  S.  Army,  MRDC,  and  Contract  DA  49  146 
XZ  416,  Defense  Atomic  Support  Agency,  DOD). 
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DIMETHYL  SULFOXIDE  AS  A  LABORATORY  REAGENT 
FOR  TISSUES  AND  CYTOLOGY 

Kenneth  C.  Cummings,  Allen  W.  Jackson  and  John  C.  Bartone 
Laboratory  of  Histology  and  Histochemistry ,  Department  of  Anatomy , 
George  Washington  University  Medical  School 

Dimethyl  Sulfoxide  (DMSO)  has  developed  greater  potential  in 
medicine  and  biology  since  Willson,  Brown  and  Timmens  (1965)  reported 
its  low  systemic  toxicity.  This  evaluation,  other  publications  and  a  recent 
symposium  (New  York  Academy  of  Sciences,  1966:  Biological  Actions 
of  Dimethyl  Sulfoxide)  have  not  reported  DMSO  effects  upon  tissues  and 
cells  as  histophysiological  or  histopathological  observations.  The  value 
of  DMSO  as  a  solvent  or  reagent  in  histological  processes  and  cytological 
applications  remained  undetermined.  Since  DMSO  has  an  exceedingly 
rapid  absorption  ratio  in  living  tissues,  it  became  imperative  to  examine 
its  influence  upon  cells  via  microscopy.  DMSO  was  evaluated  for  pre¬ 
servative  effects  upon  tissues  as  a  dehydrator  for  microscopic  prepara¬ 
tions,  as  an  organic  solvent  in  tissue  work  and  whether  DMSO  facilitates 
rapid  penetration  of  protoplasmic  fixatives.  Selected  tissues  and  whole 
organs  of  Rana  pipiens  were  placed  in  three  controls:  buffered  formalin, 
Bouin’s  fixative  and  Carnoy’s  solution.  Similar  specimens  were  placed 
in  100%  DMSO  and  proportionately  DMSO  with  formalin,  Bouin’s  and 
Carnoy’s  solutions.  Fixation  varied  from  two  to  twenty-four  hours: 
Twenty-eight  samples  were  processed  individually  by  established  methods. 
DMSO  evaluations  will  be  illustrated. 


PHOTIC  INJURY  TO  THE  RETINA  MEMBRANES  AND 
CYTOPLASMIC  GROUND  SUBSTANCE 

Ben  S.  Fine,  Washington ,  D.C.  and 
Walter  J.  Geeraets,  Richmond ,  Va. 

Acute  photic  injury  to  the  pigment  epithelium  and  adjacent  sensory 
retina  produces  morphologic  changes  which  have  been  termed  the  “granu¬ 
lation  effect.”  This  widespread  focal  densification  of  cell  membranes 
and  adjacent  ground  substance  is  prominent  in  the  lamellated  photorecep¬ 
tor  outer  segments.  Surface  membranes  undergo  changes  “polarized” 
toward  the  interior  of  the  cell,  leaving  the  intercellular  space  unchanged. 
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Focal  densification  of  intracellular  membranes  is  accompanied  by  a  ground 
substance  densification  on  both  sides  of  the  membrane.  The  granulation 
effect  on  cone  outer  segments  differs  considerably  in  appearance  from 
this  effect  on  rod  outer  segments.  Current  belief  that  cone  outer  segments, 
unlike  rod  outer  segments,  are  formed  by  invagination  of  the  surface 
plasma  membrane  may  help  to  explain  the  observed  differences  —  al¬ 
though  other  explanations  are  possible. 


EFFECT  OF  DIFFERENT  DIETS  ON  THE  COMPOSITION  OF  THE 
SERUM  LIPOPROTEINS  OF  THE  RAT 

J.  C.  Forbes,  R.  A.  Rudolph,  Jr.  and  O.  M.  Petterson 
Medical  College  of  Virginia 

Changes  in  the  cholesterol,  triglycerides  and  protein  moiety  of  the 
low-density  lipoproteins  (LDLP)  as  separated  by  precipitation  with  dext- 
ran  sulfate,  were  followed  under  various  experimental  conditions  known 
to  affect  serum  and  liver  lipid  concentrations.  When  orotic  acid  was 
fed,  the  protein  moiety  of  the  LDLP  fraction  as  well  as  its  cholesterol 
and  triglyceride  content  dropped  to  very  low  values.  The  administration 
of  a  lipotropic-deficient  diet  led  to  similar,  but  less  drastic,  changes.  The 
results  thus  confirm  the  general  impression  that  the  fatty  livers  which 
develop  under  these  conditions  are  secondary  to  an  impairment  in  the 
mechanism  for  transporting  fats  from  the  liver.  When  a  diet  contain¬ 
ing  both  cholesterol  and  cholic  acid  was  fed,  a  marked  rise  in  the  con¬ 
centration  of  cholesterol  in  the  serum,  LDLP,  and  liver  resulted.  The 
protein  moiety  of  the  LDLP  increased  some,  but  lagged  considerably 
behind  that  of  cholesterol.  Ratios  of  cholesterol  to  protein  in  excess  of 
4:1  were  obtained  in  contrast  to  1:1  or  less  for  normal  rat  serum.  It 
is  suggested  that  a  high  ratio  of  cholesterol:  protein  in  the  LDLP  may 
be  a  factor  in  experimental  dietary  atherogenesis  in  rats,  since  atheroge- 
nesis  has  been  shown  to  develop  in  rats  when  both  cholesterol  and  cholic 
acid  are  present  in  the  diet.  (Supported  in  part  bv  NIH  Grant  AM  — 
07696-03). 
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TRANSPORT  FUNCTION  OF  FROG  SKIN  FOR  CO2 
AND  BICARBONATE 

Ruth  T.  Friedman  and  Ernst  G.  Hue 
Department  of  Physiology 
Medical  College  of  Virginia 

In  Na+  transport  studies  on  isolated  skin,  the  outside  solution  turns 
slightly  acid  (pH  6)  while  the  inside  solution  becomes  slightly  alkaline 
(pH  8).  Intact  frogs  (anus  tied  off),  sitting  in  NaCl  solution,  (H+) 
controlled  by  pH  stat,  consume  0.1N  NaOH  at  pH >6,  and  consume  0.1 
N  HC1  at  pH  <6.  Studies  on  intact  frogs  were  performed  to  explain 
these  facts.  The  data  will  be  presented  in  the  following  categories:  A. 
Chemical  composition  of  the  glandular  secretions  before  and  after  admin¬ 
istration  of  histamine,  secretin,  epinephrine  (Ep),  nor-Ep.  B.  Buffer  ca¬ 
pacity  of  frog  skin.  C.  Effect  of  non-electrolytes  and  of  NaCl.  D.  In¬ 
fluence  of  Ep,  Pitressin  (P)  on  rate  of  NaOH  consumpiton  (H+— produc¬ 
tion),  K+  release  into  the  bath,  skin  P.D.,  at  pH  7.  E.  Comparison  of 
net  Na+  and  K+  flux  with  rate  of  H+  release,  or  uptake  when  frogs 
are  kept  in  HoO ,  pH  9;  pH  7;  pH  5.  It  is  concluded  that  H+  pro¬ 
duction  by  the  skin  results  from  release  of  C02+H2C03  by  the  skin. 
The  rate  of  HoC03  (H+)  production  is  increased  when  NaCl  is  present 
in  the  bath.  This  can  be  explained  by  the  effects  of  NaCl  on  the  HCO3- 
H2C03  system.  Existence  of  Na+±^H+  exchange  cannot  be  excluded. 
Ep  and  P  seem  to  stimulate  glandular  secretion  which  is  rich  in  Na(K) 
HCO3,  leading  to  alkalinization  of  epidermis.  (Supported  by  NIH 
Grant  GM  03545). 

THE  EFFECTS  OF  METHIMAZOLE  ON  METABOLISM 

C.  L.  Gemmill  and  K.  M.  Browning 
Department  of  Pharmacology,  University  of  Virginia  School  of  Medicine 

The  oxygen  consumption  of  15  rats  was  determined  before,  during 
and  after  administering  methimazole  in  their  drinking  water.  The  dos¬ 
age  of  methimazole  was  1  mg  per  100  gram  of  rat  per  day.  After  seven 
weeks,  the  metabolism  expressed  in  Calories  per  square  meter  of  body 
surface  per  hour  decreased  26  per  cent.  After  methimazole  removal,  the 
metabolism  rose  27  per  cent  above  the  normal  level  on  the  fifth  week 
and  then  decreased  to  normal.  The  oxygen  consumption  of  15  rats  not 
receiving  methimazole  had  slight  variations  of  metabolism.  These  experi- 
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merits  demonstrate  that  there  is  an  elevation  of  metabolism  above  the 
normal  value  following  the  discontinuation  of  the  methimazole. 

ESTIMATION  OF  ALKOXY  xMOIETIES  IN  GLYEROLIPIDS 

K.  E.  Guyer  and  David  G.  Cornwell 
Dept,  of  Biochemistry ,  Medical  College  of  Virginia  and 
Dept,  of  Physiological  Chemistry,  Ohio  State  University 

The  estimation  of  acyl,  alkenoxy,  and  alkoxy  moieties  in  glycerolipids 
has  usually  consisted  of  determining  the  first  two  by  chemical  methods 
and  the  last  one  by  difference.  A  specific  method  for  estimation  of  the 
alkoxy  moiety  would  be  desirable.  Quantitative  periodate  oxidation  of 
the  unsaponifiable  lipids  has  been  used,  but  this  method  detects  only 
the  monoethers  ocurring  in  the  a-position  of  glycerol.  Furthermore,  traces 
of  free  glycerol  will  give  high  results.  In  the  present  study  a  more  specific 
method  was  devised.  Lipid  samples  were  catalytioally  hvdrogenated  and 
then  reacted  with  boiling  hydriodic  acid.  The  resulting  alkyl  monoiodides 
were  extracted  into  ether  and  washed  free  of  inorganic  iodide.  Lithium 
aluminum  hydride  was  then  added  to  effect  the  reduction  of  alkyl  monoio¬ 
dides  to  alkanes  with  the  concomitant  production  of  inorganic  iodide. 
Titration  of  the  iodide  with  ceric  sulfate  allowed  the  determination  of  total 
glyceryl  ethers  (alkoxy  plus  alkenoxy).  When  only  the  alkoxy  value 
was  desired  acide  hydrolysis  prior  to  catalytic  hydrogenation  was  utilized 
to  destroy  the  alkenoxy  linkage.  This  method  has  been  employed  for 
the  estimation  of  alkoxy  groups  in  crude  lipid  samples.  It  has  also  proved 
useful  in  the  characterization  of  column  chromatography  fractions. 


ALTERATION  OF  METABOLIC  ACTIVITY  IN  THE 
PERFUSED  RAT  HEART 

Leo  M.  Hall 
Department  of  Biochemistry 
University  of  Virginia  School  of  Medicine 

During  a  series  of  studies  designed  to  measure  the  effects  of  aceto- 
acetate  and  acetate  on  the  rate  of  glucose  oxidation  and  lactate  produc¬ 
tion  in  the  perfused  rat  heart,  it  has  been  found  that  the  type  of  tubing 
commonly  used  in  the  closed  circuit  heart  perfusion  apparatus  may  pro- 
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foundly  alter  the  metabolic  pattern  of  the  heart.  The  addition  of  aceto- 
acetate  decreases  the  rate  of  glucose  oxidation  by  80%.  Depending 
upon  the  formulation  of  the  polyvinylchloride,  medical  Silastic  or  vinyl 
IV  tubing  used,  the  decrease  in  the  rate  of  glucose  oxidation  may  be  ac¬ 
companied  by:  1)  a  three  fold  increase  in  the  rate  of  lactate  produc¬ 
tion,  2)  a  90%  decrease  in  the  rate  of  lactate  production,  3)  no  change 
in  the  rate  of  lactate  production.  These  disparate  effects  can  be  dem¬ 
onstrated  by  the  additon  of  ether  or  aqueous  extracts  of  the  various 
tubing  formulations  in  a  perfusion  system  using  polyvinylchloride-sheathed 
Teflon  tubing,  and  are  caused  by  the  leeching  of  water  soluble  materials 
from  the  tubing  during  perfusion.  The  nature  of  these  materials  and 
the  site  of  action  causing  an  alteration  of  metabolic  control  is  under  inves¬ 
tigation.  (Supported  bv  USPHS  Grant  HE-08006  and  K3-HE-5167.) 

STUDIES  ON  CAPACITATION  OF  SPERMATOZOA 

Charles  E.  Hamner 
Vivarium  and  Department  of  Surgery 
University  of  Virginia  Medical  School 

In  the  past  fifteen  years  capacitation  of  spermatozoa  has  been  found 
to  be  essential  to  fertilization  of  ova  in  rabbit,  rat,  hamster,  sow  and 
ewe.  No  information  is  available  to  determine  if  the  capacitation  proc¬ 
ess  is  species  specific.  Also,  information  is  conflicting  regarding  whether 
capacitation  factors  are  confined  to  the  female  reproductive  tract  or  present 
in  other  organs  of  the  body.  The  aim  of  this  research  project  is  to  deter¬ 
mine  the  species  of  specificity  and  organ  specificity  of  capacitation.  Data 
gathered  so  far  indicates  that  the  capacitation  process  is  similar  in  several 
species  but  that  the  necessarv  factors  are  confined  to  the  female  repro¬ 
ductive  tract. 

MEASUREMENT  OF  RES  FUNCTION  (A  TECHNIQUE 
UTILIZING  RADIOACTIVE  LIPOMUL) 

L.  D.  Hanback,  M.  S.  Rittenbury,  Juanita  Watterson, 

Dorothy  Ervin,  and  Joyce  Rhea 
Medical  College  of  Virginia 

Measurement  of  the  phagocytic  capacity  of  the  RES  (Reticuloendo¬ 
thelial  System)  can  be  carried  out  by  following  the  rate  of  disappear- 
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ance  from  the  blood  stream  of  intravenously  injected  colloidal  materials. 
Various  colloids,  such  as  colloidal  carbon,  colloidal  gold,  I131  labeled 
aggregated  serum  albumin  and  fat  emulsions  have  been  used.  This  tech¬ 
nique  utilizes  C14  labeled  Lipomul  (cotton  seed  oil  emulsion,  Upjohn 
Laboratories)  as  the  test  colloid.  The  technique  is  rapid  and  easily  per¬ 
formed  since  one  needs  only  to  measure  the  rate  of  change  in  serum  radio- 
activitv.  The  normal  clearance  rate  of  C14  labeled  Lipomul  has  been 
determined  in  both  rabbits  and  dogs.  The  tissue  localization  of  the 
material  has  also  been  determined  by  radioautography  and  by  tissue  count¬ 
ing  in  rabbits  and  dogs  following  single  and  multiple  injections. 

ANALYSIS  OF  AMINO  ACID  EXCRETION  FOLLOWING 
THERMAL  INJURY 

J.  M.  Harris,  and  M.  S.  Rittenbury 
Medical  College  of  Virginia 

The  excretion  of  amino  acids  has  been  studied  in  3  patients  follow¬ 
ing  severe  thermal  injury  and  in  6  normal  subjects  on  normal  diets. 
The  patients  were  followed  until  the  time  of  death  or  discharge.  Free 
amino  acid  excretion  was  determined  in  all  subjects.  Hydrolyzed  amino 
acid  excretion  was  determined  in  one  patient  after  thermal  injury  and 
in  all  normal  subjects.  Both  free  and  hydrolyzed  amino  acid  excretion 
was  elevated  following  thermal  injury.  Analysis  of  the  excretion  data 
tends  to  show  that  collagen  is  not  the  major  source  of  the  increased 
amino  acid  excretion. 

TECHNIQUES  FOR  OBTAINING  CARBOHYDRATE  MUTANTS 
OF  HUMAN  SOMATIC  CELLS 

S.  V.  Holinary  and  R.  M.  Cribbs 
Dept,  of  Biology  and  Genetics 
Medical  College  of  Virginia 

A  prerequisite  for  genetic  studies  of  somatic  cell  lines  is  a  readily 
available  source  of  stable  mutants.  Toward  this  end  methods  are  being 
developed  to  induce,  isolate  and  characterize  biochemical  mutants  of  a 
human  cell  line  grown  in  vitro.  By  measuring  lactate  production  and 
respiration  it  has  been  determined  that  Minn-EE  cells  are  capable  of 
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using  D-xylose,  D-ribose,  mannose,  turanose  and  trehalose,  in  addition  to 
glucose,  as  a  major  energy  source.  To  obtain  carbohydrate  auxotrophs 
from  these  populations,  the  cells  are  grown  in  one  of  the  above  carbo¬ 
hydrates  and  then  exposed  to  a  chemical  mutagen  such  as  2-aminopurine. 
The  treated  cells  are  then  grown  in  a  glucose  medium  to  allow  segrega¬ 
tion.  Selective  agents,  such  as  neutral  red  and  aminopterin,  are  used 
to  increase  the  proportion  of  auxotrophic  cells  among  the  normal  cells. 
Work  in  progress  suggests  these  methods  serve  as  effective  means  of 
obtaining  mutant  cell  lines  for  subsequent  genetic  studies.  (Supported 
by  NSF  Institutional  Grant  GU-498). 

EVIDENCE  OF  POLYCYCLIC  HYDROCARBONS 
IN  EXTRACTS  OF  COMMON  TEA 

Hans  E.  Kaiser,  and  John  C.  Bartone 
Laboratory  of  Comparative  Experimental  Oncology,  Department  of 
Anatomy,  George  Washington  nUiversity  Medical  School 

Gastric  dysfunction  and  disease  is  widespread  in  some  nations  as 
Japan  and  England  where  much  tea  is  also  consumed.  We  became  curi¬ 
ous  about  the  relationship  of  gastro-intestinal  disease  and  tea  consumption 
and  have  published  results  that  commercial  tea  contains  phenols  and  poly¬ 
phenols  as  potential  promotors  of  carcinogenesis  in  humans.  Berenblum 
established  causes  of  carinogenesis  as  initiators  and  promotors.  Investi¬ 
gators  report  that  particular  substances  may  serve  as  initiators  of  cancer; 
however,  substances  that  serve  as  promoters  of  cancer  are  not  widely 
studied.  Furthermore,  few  reports  exist  concerning  the  problem  of  com¬ 
bined  promotors  and  initiators  present  in  food,  beverages  or  materials. 
We  considered  the  possibility  or  initiator  substances  in  tea  and  whether 
a  beverage  of  importance  to  humans  could  contain  potential  danger  by 
possessing  promotor  and  initiator  substances  acting  individually  or  in  com¬ 
bination.  Neutral  fractions  from  an  extract  of  8,000  grams  of  tea,  used 
in  paper  chromato graph v,  revealed  traces  of  polycyclic  hydrocarbons. 
Traces  were  also  observed  by  absorption  spectroscopy.  Minute  traces  of 
polvcyclic  hydrocarbons  do  not  exist  in  sufficient  quantity  to  initiate 
cancer.  However,  the  potential  combination  of  minute  traces  of  initiators 
and  promotors  in  the  same  or  different  foods  or  beverage  requires  exten¬ 
sive  investigation. 
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EFFECTS  OF  ANTERIOR  PITUITARY  HORMONES 
ON  PROTEIN  SYNTHESIS  IN  VITRO 

W.  A.  Mills,  L.  R.  Simmons,  and  T.  P.  Abbott 
Research  Branch,  Division  of  Radiological  Health ,  Public  Health  Service , 
U.  S.  Department  of  Health,  Education,  and  Welfare 

Present  evidence  suggests  that  the  site  of  action  for  hormones  is 
in  the  cell  nucleus  and  involves  the  synthesis  of  specific  m-RNA  on 
the  DNA  template.  Experiments  were  conducted  to  determine  if  hor¬ 
mones  isolated  from  the  anterior  lobe  of  the  pituitary  gland  have  an  effect 
on  protein  synthesis  in  vitro,  i.e.  in  a  nucleus-free  system.  The  effects 
of  luteinizing  hormone  (L.H.),  follicle  stimulating  hormone  (F.S.H.)  and, 
in  particular,  thyrotropic  stimulating  hormone  (T.S.H.)  were  studied 
using  ribosomes  isolated  from  rabbit  reticulocytes.  T.S.H.  concentrations 
of  0.01  units/ml  and  0.3  units/ml  were  found  to  give  values  of  17% 
and  96%  inhibition  in  the  synthesis  of  polypeptides,  respectively.  The 
inhibitory  effect  was  observed  in  a  complete  system  containing  only  endo¬ 
genous  (native)  m-RNA  as  well  as  a  system  to  which  the  synthetic  m-RNA, 
polyuridylic  acid  (Poly  U)  was  added.  Extensive  dialysis  of  the  T.S.H. 
preparation  produced  only  small  differences  in  the  percentage  of  inhibi¬ 
tion.  Experiments  using  luteinizing  hormone  and  follicle  stimulating  hor¬ 
mone  also  showed  an  inhibition  of  protein  synthesis.  These  experimen¬ 
tal  results  suggest  the  possibility  that  the  concentration  of  a  hormone  in 
the  cytoplasm  may  be  an  additional  parameter  which  is  involved  in  the 
response  of  a  cell  to  hormonal  stimuli. 


STUDIES  ON  THE  SYNTHESIS  AND  METABOLISM  OF 
4- (3— PYRIDYL)  — 4— METHYLAMINOBUTYRIC  ACID-4-14C 

Paolo  L.  Marselli,  Edward  R.  Bowman,  Helen  H.  Ong, 
and  Herbert  McKennis,  Jr. 

Department  of  Pharmacology 
Medical  College  of  Virginia 

4-(3— Pyridyl)— 4-methylaminobutyric  acid-4-14C  and  cotinine-14C 
were  synthesized  from  nicotinic  acid— 7— 14C  in  accordance  with  the  sequ¬ 
ence,  [McKennis  et  al.,  J.  Org.  Chem.,  28,  383  (1963);  Sugasawa  et  al.. 
Farm.  Bull.  (Japan),  2,  39  (1954)]:  nicotinic  acid -methyl  nicotinate 
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— »  ethyl  nicotinylsuccinate  — >  4-  ( 3— pyridyl )  — 4— oxobutyric  acid  — >  4-  ( 3— 
pryidyl-4-methylaminobutyric  acid  — »  cotinine.  D,L— 4— (3— Pyridyl)— 4- 
benzamido— N— methybutric  acid  was  resolved  via  salts  of  L-ephedrine  to 
obtain  the  D-benzamido  acid,  [a]  ~*61  +  124°  in  methanol,  and  the  L- 
benzamido  acid,  [a]  5401  —128°  in  methanol.  Th  ebenzamido  acids  af¬ 
forded  upon  acidic  hydrolysis  D— cotinine,  characterized  as  the  picrate, 
M  six  +28°  in  acetone  ,and  L-cotinine.  D,L-4-(3— Pyridyl) -4—  me- 
thylaminobutyric  acid  was  administered  in  single  intraperitoneal  doses  to 
female  albino,  Wistar-strain  rats.  Urine  and  respiratory  gases  from  a  post¬ 
collection  period  of  24  hours  were  examined  for  radioactivity.  Virtually 
all  of  the  administered  14C-activity  was  present  in  the  urine  and  none  in 
the  respiratory  carbon  dioxide.  (Aided  by  grants  from  The  Council  for 
Tobacco  Research-U.S.D.A.,  the  American  Medical  Association  Educa¬ 
tion  and  Research  Foundation,  and  The  American  Tobacco  Company.) 


MAINTENANCE  OF  SPECIES  RELATIONSHIPS  OF  STEROID 
HORMONES  IN  ANIMALS  AS  ANDROTENEDIONE 
IN  RATS  FOR  RESEARCH 

Warren  F.  Muth,  Ira  R.  Telford  and  John  C.  Bartone 
Laboratory  of  Histology  and  Histochemistry ,  DepaHment  of  Anatomy , 
George  Washington  University  Medical  School 

The  effect  of  steroid  hormones  upon  rats  that  have  undergone  hypo- 
physectomy  is  little  known.  The  histological  influences  of  steroids  in 
normal  rats  have  not  been  adequately  investigated;  similar  studies  of 
hypophysectomized  animals  are  practically  non-existent.  Some  confusion 
and  discrepancy  exists  in  the  medical  literature:  biochemical  differences 
in  applied  hormones;  animal  type  of  steroid;  species  disparity  between 
hormones  and  animals;  biosynthetic  pathways,  whereby  various  hormones 
are  produced  in  different  organs  and  the  avenues  by  which  some  may 
supplant  each  other  in  oases  of  deficiency.  Hypophysectomy,  or  pituitary 
malfunction  causes  drastic  changes  in  metabolism  of  animals  or  man. 
Metabolic  alterations  of  gonads,  thyroid  and  adrenal  cortex  are  well 
established.  These  functions  with  protein  and  enzyme  variables  are  easily 
manipulated  with  steroid  hormones,  as  androgens.  However,  irrespective 
of  scientific  methods  investigating  organ  relationships,  it  is  important  to 
indicate  that  better  understanding  of  steroid  research  could  be  achieved 
if  species  relationship  were  maintained  because  the  principal  androgen 
of  one  animal  may  not  be  the  same  for  another.  This  aspect  is  seldom 
considered.  Thus,  realistic  observations  could  be  obtained  in  physiologi- 
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cal  and  morphological  responses  if  species-related  hormones  were  used. 
Evidence  is  presented  that  androstenedione  is  the  principal  androgen  to 
use  in  rats. 


MYOCARDIAL  WORK  AND  OXYGEN  CONSUMPTION 
Eugene  A.  Lentini 

Department  Physiology,  Medical  College  of  Virginia 

Previous  investigations  (Proc.  Soc.  Expl.  Biol.  &  Med.  v.  109,  869; 
1962)  on  the  oxygen  consumption  (Q02)  of  trabeculae  carneae  have 
suggested  that  the  aerobic  metabolism  is  not  regulated  by  the  supported 
load  and  subsequent  mechanical  work  during  activity.  However,  muscle 
shortening  was  not  measured  in  the  above  experiments.  For  this  reason, 
additional  experiments  were  carried  out  after  the  construction  of  an  elec¬ 
tronic  micrometer  allowing  the  measurement  of  isotonic  shortening  of 
preloaded  muscles  under  conditions  imposed  by  constant  volume  Warburg 
manometry.  Muscles  were  preloaded  with  either  0.88  or  1.03g.  Q02 

was  determined  during  a  period  of  non-stimulation  and  stimulation  at 
a  frequnecy  of  1/sec.  It  was  noted  that  the  QOs  was  related  to  the 
shortening  of  muscles  preloaded  with  1.03g.  Also,  the  Q02  was  not 
related  to  the  work  when  the  data  were  considered  collectively.  The 
Q02  was  related  to  the  work  at  a  constant  load.  The  experimental 
results  are  in  keeping  with  previous  work  and  suggests  that,  in  vitro, 
the  relation  between  myocardial  Q02  and  mechanical  work  may  only 
exist  at  a  constant  load.  (Supported  by  PHS  Grant  HE  09249-01  and 
HE  04562.) 

HYPERNEUROTIZATION  OF  SINGLE  SKELETAL  MUSCLE 

FIBERS 

L.  Levine 

Department  of  Physiology,  University  of  Virginia  School  of  Medicine 

Sartorius  muscles  of  the  frog  ( Rana  pipiens)  were  denervated  by 
crushing  the  sartorius  nerve.  The  tibial  branch  of  the  sciatic  nerve  was 
cut  at  the  knee,  reflected  and  implanted  into  the  sartorius  muscle.  Sev¬ 
eral  months  later,  muscles  were  removed  along  with  both  nerves  and  iso¬ 
metric  tension  was  recorded  in  response  to  stimulation  of  each  nerve  and 
to  direct  stimulation  at  the  pelvic  end.  Stimulation  of  the  sartorius 
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nerve,  after  reinnervation  had  occurred,  led  to  production  of  0.78  T,  where 
T  =  maximal  twitch  tension  following  direct  stimulation.  Stimulation  of 
the  implanted  tibial  nerve  in  the  same  preparations  caused  tension  develop¬ 
ment  of  0.37  T.  Thus  at  least  some  fibers  remain  innervated  by  the  im¬ 
planted  nerve  after  the  original  nerve  supply  has  regenerated.  The  pres¬ 
ence  of  single  muscle  fibers  with  separate  endplates  innervated  by  the 
two  nerves  has  been  confirmed  by  recording  action  potentials  from  indi¬ 
vidual  fibers  following  selective  neural  stimulation.  Analagous  results 
have  been  obtained  following  implantation  of  the  tibial  nerve  into  the 
innervated  segment  of  the  transected  sartorius  muscle.  These  findings 
are  consistent  with  the  hypothesis  that  membrane  chemosensitivity  is 
associated  with  receptivity  of  the  skeletal  muscle  membrane  to  motor  in¬ 
nervation.  (Supported  in  part  by  USPHS  Grant  NB— 03663). 

THE  NEGATIVE  AFTER  POTENTIAL  OF  DENERVATED 
SKELETAL  MUSCLE 

L.  Levine 

Department  of  Physiology ,  University  of  Virginia  School  of  Medicine 

The  negative  after  potential  is  significantly  smaller  in  chronically 
denervated  frog  sartorius  muscle  fibers  (18.5  mV),  than  it  is  in  contra¬ 
lateral  innervated  fibers  (25.3  mV).  At  25 °C  the  after  potential  decays 
exponentially  in  more  than  90%  of  the  denervated  fibers,  but  in  more 
than  90%  of  the  innervated  fibers,  the  after  potential  shows  a  secondary 
rise  or  plateau  phase  before  decaying  exponentially.  At  9°C  the  half¬ 
time  of  the  after  potential  in  denervated  fibers  was  18.3  msec,  while  in 
innervated  fibers,  which  at  9°C  show  only  an  exponential  decay,  it  was 
13.9  msec.  Additionally,  denervated  fibers  show  an  increase  in  the  fall 
time  of  the  action  potential  ti/2=2.3  msec)  compared  to  innervated 
fibers  (tj/2  —  1-8  msec). 

These  observations  are  consistent  with  reports  that  (a)  the  after  po¬ 
tential  time  course  is  determined  by  the  resting  cable  properties  of  the 
membrane;  and  (b)  the  time  constant  of  resting  chronically  denervated 
frog  muscle  is  increased  significantly.  Previous  work  indicated  that  the 
voltage-dependent  potassium  conductance  system  was  less  available  in  the 
denervated  muscle  membrane.  Present  results  suggest  that  this  mechanism 
also  turns  off  more  slowly  in  denervated  muscle,  and  this  probably  sup¬ 
presses  the  effects  of  a  secondary  rise  in  sodium  conductance.  (Support¬ 
ed  in  part  by  USPHS  Grant  NB-03663). 
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COMPARATIVE  HISTOCHEMISTRY  OF  TRYPTOPHAN  AND 
RELATED  COMPOUNDS  IN  EMBRYOS  IN  RAPID 
PHASES  OF  DEVELOPMENT 

Sidney  S.  Loxley,  Larry  Stoneburner  and  John  C.  Bajrtone 
Laboratory  of  Histology  and  Histochemistry,  Department  of  Anatomy , 
George  Washington  University  Medical  School 


Adams  in  1957  published  a  satisfactory  reaction  for  demonstration 
of  indole  derivatives  applicable  to  microscopic  sections  of  tissues  and  since 
known  as  the  DMAB-Nitrite  method.  The  reaction  involves  trypto¬ 
phan  and  related  3-indole  derivatives  which  condense  with  p-dimethy- 
laminobenzaldehyde  (DMAB)  (Ehrlich’s  reagent)  to  form  a  clear  blue 
pigment  in  tissues  after  brief  oxidation  with  sodium  nitrite.  The  histo- 
chemical  identity  and  histological  localization  of  tryptophan  and  related 
compounds  throughout  tissues  of  the  animal  and  plant  world  remains 
nearly  completely  unknown  although  biochemical  analyses  have  shown 
these  compounds  to  have  a  wide  distribution.  This  reaction  was  applied 
to  serial  sections  of  embryos  of  Sus  scrofa  of  nine,  ten  and  fifteen  milli¬ 
meter  ranges  which  were  fixed  in  neutral  buffered  formalin  and  processed 
in  tissuemat.  Tryptophan  was  localized  in  situ  more  abundantly  in  older 
embryonic  tissues  and  occurred  as  a  widespread  reaction  although  variously 
and  dependently  upon  the  importance  and  rate  of  development  of  organs. 
The  reaction  also  increased  in  intensity  with  increasing  age  of  embryos. 
The  generalized  reaction  however  did  not  make  apparent  the  metabolic 
activity  of  many  organs. 


THE  SPECIFIC  DYNAMIC  ACTION  OF  PURE  CARBOHYDRATE, 
FAT  AND  PROTEIN  MEALS 

Patricia  Jo  McKinney,  Marian  E.  Moore  and  Mary  E.  Korslund 
Virginia  Polytechnic  Institute 

The  specific  dynamic  effects  of  pure  carbohydrate,  fat  and  protein 
were  measured  in  six  adult  women.  Basal  metabolic  rates  were  measured 
while  subjects  were  in  the  post-absorptive  state.  Subjects  ingested  5.7 
calories  /kg  of  body  weight  of  the  pure  components  on  different  days. 
Measurements  were  made  at  regular  time  intervals  after  the  meal  until 
the  amount  of  expired  air  approximated  that  of  the  basal  state.  Sam- 
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pies  of  expired  air  were  analyzed  for  02  and  C02  content.  Changes  in 
the  respiratory  quotient  and  calories/M2  of  body  surface,  with  relation¬ 
ship  to  time  of  ingestion  of  each  food  component  were  studied. 

URETERAL  PATHOLOGY  IN  RENAL  HOMOGRAFTS 

G.  E.  Robertshaw,  G.  E.  Madge,  H.  M.  Kauffman,  Jr. 

Departments  of  Surgery  and  Pathology ,  Medical  College  of  Virginia 

Ureteral  problems  associated  with  kidney  homotransplantation  have 
included  urine  extravasation,  ischemia  and  necrosis.  Ureteral  and  renal 
biopsies  have  been  compared  in  60  canine  and  5  human  renal  homo¬ 
transplants.  Experimental  animals  consisted  of  12  untreated  first-set 
transplants,  8  untreated  second-set  transplants  and  40  first-set  grafts 
treated  by  either  immunosuppressive  drug  therapy,  local  radiation,  or  com¬ 
bination  radiation  and  drug  therapy.  Controls  consisted  of  autotrans¬ 
plants  and  nontransplanted  kidneys  and  ureters.  Five  human  kidneys  and 
ureters  were  examined  from  4  to  16  months  after  transplantation.  In 
both  untreated  and  treated  animals  there  was  good  correlation  of  the 
degree  of  round  cell  infiltration,  interstitial  edema,  and  architectural  de¬ 
struction  of  each  corresponding  kidney  and  ureteral  section.  Necrosis 
secondary  to  ischemia  was  never  seen  although  few  ureteral  vessels  had 
minimal  fibrinoid  changes.  Daily  biopsies  of  ureters  showed  progression 
of  pathological  changes.  None  of  the  above  changes  were  observed  in 
autograft  controls.  Second-set  transplants  showed  explosive  rejection  of 
both  kidney  and  ureter,  consisting  of  marked  edema,  hemorrhage,  archi¬ 
tectural  disruption  and  minimal  round  cell  infiltrate.  The  ureter  and 
kidneys  of  those  human  transplants  showing  rejection  were  similar  to  that 
of  immunosuppressed  animals. 

THYROID  HORMONE-LIKE  FACTOR  IN  CORPUS  LUTEUM 

Edwin  Ruark  and  C.  J.  Ackerman 
Department  of  Biochemistry  and  Nutrition 
Virginia  Polytechnic  Institute 

After  prolonged  acid  hydrolysis  of  a  commercial  preparation  of 
corpus  luteum  powder  a  fraction  obtained  from  the  acid  insoluble  residue 
was  oapable  of  reinstating  growth  of  growth-arrested,  thyroidectomized 
and  growth-arrested,  goitrogen-fed  rats.  It  did  not  prevent  goiters  in 
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the  usual  goiter  prevention  assay.  It  did  not  contain  iodine  as  shown 
by  paper  chromatography.  It  had  no  effect  on  in  vitro  systems  of  IMP 
dehydrogenase  or  adenylosuccinate  synthetase  in  contrast  to  the  effect 
of  thyroid  hormone.  It  was  precipitated  with  silver,  destroyed  by  nin- 
hydrin,  and  destroyed  by  ashing.  These  results  demonstrate  the  pres¬ 
ence  of  an  unknown  factor  in  corpus  luteum  which  may  function  in  some 
manner  to  control  metabolism  in  the  embryo. 

AUTONOMIC  AND  MORPHOLOGICAL  EFFECTS  OF 
X-IRRADIATION  OF  SPINAL  CORD  OF  CAT 

William  M.  Shanklin,  Everett  H.  Ingersoll,  Erling  S.  Hegre 
and  Louise  L.  Jones 
Medical  College  of  Virginia 

Six  adult  cats  received  3,000  r  ionizing  radiation  through  the  mid- 
thoracic  spinal  cord.  Radiation  was  administered  by  a  1,000  kVp  Gen¬ 
eral  Electric  Maxitron  x-ray  machine.  Animals  were  sacrificed  40  to  127 
days  post  radiation  time.  The  cord  was  fixed  in  formalin-ammonium- 
bromide  and  stained  by  the  Cajal  gold  chloride  method.  Neurons  in 
the  grey  matter  of  the  control  cat  were  well  stained  by  this  method 
but  the  neuroglia  were  very  poorly  stained.  One  cat,  sacrificed  40  days 
post  radiation,  showed  some  neuronal  damage  but  relatively  few  astrocytes 
were  observed.  Cats  sacrificed  between  82  and  127  days  had  almost 
complete  loss  of  neurons  in  the  irradiated  area.  In  all  of  them  the 
astrocytes  in  the  grey  mater  were  greatly  hypertrophied  and  intensely 
stained.  Very  long  processes  from  the  astrocytes  were  especially  strik¬ 
ing.  Oliogodendroglia  in  the  white  matter  were  also  hypertrophied.  No 
microglia  were  observed.  In  four  of  the  irradiated  cats  normal  urinary 
bladder  responses  were  elicited  following  electrical  stimulation  of  fore¬ 
brain  structures.  These  responses,  which  were  either  a  contraction  or 
a  relaxation  of  the  vesicle  musculature,  were  obtained  from  the  cingulate 
gyrus,  internal  capsule,  dorsal  thalamus  and  the  diagonal  lemniscal  area. 
(Supported  by  NIH  Grant  NB— 704  and  B-3901). 
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SPECIES  SPECIFIC  DIFFERENCES  OF  ABSORPTION  AS 
A  VARIATION  OF  STAGE  ONE  (CONTACT)  OF 
MULTI-PHASE  CARCINOGENESIS 

Erwin  Theisz1,  Hans  E.  Kaiser  and  John  C.  Bartone 
Laboratory  of  Comparative  Experimental  Oncology,  Department  of  Anat¬ 
omy,  George  Washington  University  Medical  School 

Cancer  formation,  as  a  multi-phase  process,  cancer  relationships  and 
neoplastic  differences  have  been  discussed  in  previous  publications  (Kaiser 
and  Bartone,  1966;  Bartone  and  Kaiser,  1966).  We  have  also  identified 
and  reported  the  stages  of  development  all  cancers  possess  as  a  primary 
law  of  carcinogenesis.  The  variations  (steps)  among  cancer  stages  have 
been  formulated.  These  steps  of  cancer  development  account  for  the 
individuality  cancers  possess.  It  is  imperative  in  Stage  I  that  contact  be 
established  between  carcinogen  ( s )  and  the  organism.  It  is  obvious  ab¬ 
sorption  varies  among  species.  These  differences  existent  in  Stage  I  were 
examined  to  determine  variations  in  contact  possible  via  absorption  rates 
of  animal  host  skin.  Comparison  of  echinoderms,  amphibians,  reptilians 
and  mammalian  skins  was  made  after  application  of  1%  benzopyrene  in 
acetone  at  different  time  intervals  and  preparation  for  spectroscopic  anal¬ 
ysis.  Spectroscopic  curves  revealed  considerable  fluctuations  of  absorp¬ 
tion  in  all  species  studied.  This  is  in  line  with  our  reasoning  that  although 
cancer  formation  and  variations  can  occur  in  a  number  of  ways,  as  absorp¬ 
tion,  that  factors  of  absorption  are  numerous  and  may  be  as  different  as 
any  species  examined.  Comparison  of  absorption  spectra  will  be  shown. 
(1.  By  Invitation). 

PSYCHOPHYSIOLOGICAL  RESPONSE  TO  ENVIRONMENTAL 

STIMULATION 

Bruce  S.  Welch  and  Annemarie  S.  Welch 
College  of  William  and  Mary 

An  animal  responds  in  a  sensitive  and  continuous  manner,  both 
psychologically  and  physiologically,  to  its  environment.  Every  environ¬ 
ment  exerts  its  own  characteristic  Mean  Level  of  Environmental  Stimula¬ 
tion  (MLES)  upon  the  animals  which  occupy  it.  Physical  factors  of 
the  environment  are  important,  but  the  level  of  social  interaction  and, 
hence,  the  MLES,  tends  to  increase  with  increasing  population  density, 


1966] 


Proceedings  1965-1966 


353 


and  above  a  certain  minimal  density  social  interaction  becomes  the  prin¬ 
cipal  factor  determining  the  MLES.  Because  the  behavior  and  physiology 
of  an  animal  is  closely  integrated  with,  and  continuously  changes  with, 
changes  in  the  MLES,  it  is  never  in  any  two  environments  (or  popula¬ 
tion  densities)  the  same;  its  resistance  to  disease  and  its  physiological 
and  behavioral  potentials  are  changed.  It  and  its  environment  are  func¬ 
tionally  inseparable.  Many  of  the  behavioral  and  physiological  differ¬ 
ences  characteristic  of  different  physical  environments  and  of  different 
group  sizes  and  population  densities  are  detectable  and  predictable. 


EFFECT  OF  ISOLATION  AND  OF  SOCIAL  STIMULATION  UPON 
THE  METABOLISM  OF  BRAIN  BIOGENIC  AMINES 

Annemarie  S.  Welch  and  Bruce  L.  Welch 
Laboratory  of  Population  Ecology ,  College  of  William  and  Mary 

Isolation  and  social  stimulation  affect  the  responsivity  of  the  central 
nervous  system  to  drugs  an  dto  environmental  stimulation;  isolated  ani¬ 
mals  are  markedly  hypersensitive  and  aggressive.  Mice  living  in  groups 
were  found  to  have  higher  levels  of  brain  norepinephrine  and  dopamine 
than  their  isolated  congeners.  After  pharmacological  inhibition  of  synthe¬ 
sis,  the  grouped  mice  showed  a  more  rapid  depletion  of  these  amines, 
while  in  response  to  inhibition  of  intra-neuronal  catabolism  they  showed 
a  more  rapid  accumulation  of  amines  even  though  they  were  placed  into 
isolation  during  the  period  of  drug-induced  elevation.  This  suggests  an 
adaptation  to  a  higher  rate  of  metabolism  of  these  brain  amines  under 
conditions  of  chronically  maintained  high  levels  of  social  stimulation. 
Brain  serotonin  levels  were  similar  in  the  grouped  and  isolated  animals, 
although  the  long-term  isolates  showed  a  more  rapid  rise  in  serotonin 
following  monoamine  oxidase  inhibition.  Similar  differences  in  brain 
norepinephrine  content  were  found  in  the  subcortical  regions,  and  a  slight 
but  not  significant  difference  in  the  cortex,  of  rabbits  that  had  been 
grouped  and  isolated  for  only  7  weeks.  The  mechanisms  for  synthesis 
and  storage  of  brain  amines  appear  to  undergo  adaptive  changes  in  response 
to  subtle  differences  in  the  level  of  environmental  stimulation. 
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PERFUSION  OF  THE  EXTRACORPORAL  CANINE  LIVER 
UNDER  PHYSIOLOGICAL  CONDITIONS 

Humphrey  J.  O.  White,  Joaquin  Ferre,  David  M.  Hume 
Department  of  Surgery  and  Strauss  Surgical  Laboratory, 
Medical  College  of  Virginia 

Outflow  block  has  been  said  to  occur  readily  in  the  canine  liver 
maintained  on  extracorporeal  perfusion.  An  improved  perfusion  system 
has  been  developed  which  avoids  the  occurrence  of  outflow  block  by 
closely  reproducing  physiological  conditions.  The  excised  liver  is  placed 
in  a  perfusion  system  comprised  of  an  organ  box,  heat  exchanger,  mem¬ 
brane  oxygenator,  and  adjustable  pressure-sensitized  pumps  for  the  portal 
vein  (PV)  and  hepatic  artery  (HA),  the  latter  with  pulsatile  flow.  Twen¬ 
ty-three  liver  perfusions  have  been  performed  for  periods  up  to  6  hours. 
After  2  hours  perfusion  of  livers  weighing  500-800  gms.,  stable  core 
temperatures  36.5  ±  0.5 °C.  were  recorded.  HA  flows  of  fully  oxyge¬ 
nated  blood  averaged  196  ml/min.  at  90  mm  Hg.  and  PV  flows  of  par¬ 
tially  oxygenated  blood  (mean  P02  63  mm  Hg)  averaged  206  ml/min. 
at  10  mm  Hg.  Bile  production  up  to  3  ml/hr.  was  achieved.  Ammonia 
clearances  were  excellent.  Metabolic  acidosis  was  controlled  by  buffer¬ 
ing  with  0.3  M  TRIS.  Successful  perfusion  of  the  extracorporeal  canine 
liver  using  pressure-sensitized  pumps  depends  on  the  careful  maintenance 
of  perfusate  oxygenation  and  pH  within  physiological  limits.  Under  these 
circumstances,  nearly  normal  function  can  be  achieved. 

UPTAKE  AND  STORAGE  OF  NOREPINEPHRINE  FOLLOWING 

THE  ADMINISTRATION  OF  THREE  BETA  ADRENERGIC 
ANTAGONISTS 

T.  C.  Westfall 

Department  of  Pharmacology,  University  of  Virginia  School  of  Medicine 

Farrant  et  al.  (Brit.  J.  Pharmacol.,  22:  104,  1964)  have  postulated 
that  norepinephrine  (NE)  receptor  antagonists  may  have  one  or  more 
of  three  separate  actions  in  any  one  tissue:  (1)  they  may  block  the 
response  to  NE  by  occupying  receptor  sites,  (2)  they  may  prevent  the 
uptake  of  infused  NE  and  (3)  they  may  lower  the  NE  content.  The 
purpose  of  the  present  experiments  was  to  study  the  influence  of  3  beta 
adrenergic  antagonists;  propranolol  (P),  pronethalol  (Pn)  and  iproveratril 
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(I)  on  the  uptake  of  infused  NE  into  the  heart  and  spleen  and  to  study 
the  effect  of  these  3  agents  on  the  endogenous  level  of  NE  in  rats.  None 
of  the  antagonists  in  doses  ranging  from  0.2  to  10.0  mg/kg  produced 
any  change  in  the  NE  level  of  rat  heart  or  spleen  one  hour  following 
I.P.  administration.  Both  Pn  and  I  produced  a  decrease  in  the  NE  level 
of  the  heart  from  0.72  fig/gm  to  0.60  and  0.52  /xg/gm,  respectively  when 
administered  once  per  day  for  7  days.  Pn  in  a  dose  of  10  mg/kg  admin¬ 
istered  IV  15  min  before  the  infusion  of  NE  in  a  dose  of  1  /xg/kg/min 
for  20  min  produced  a  small  but  significant  inhibition  of  the  uptake  of 
NE  into  the  heart.  The  same  dose  of  P  failed  to  alter  the  NE  uptake 
while  I  produced  a  slight  inhibition.  (Supported  by  a  grant  from  the 
Council  for  Tobacco  Research  and  the  AM  A  Education  and  Research 
Foundation) . 

POLYACRYLAMIDE-GEL-ELECTROPHORESIS,  THE  ‘‘POOR 
MAN’S  ULTRACENTRIFUGE.” 

Johan  Zwaan 

Department  of  Anatomy,  School  of  Medicine 
University  of  Virginia 

Embryonic  proteins  are  only  available  in  minute  quantities  and  impure 
form,  making  it  difficult  to  study  their  molecular  weights  (M.W.)  with 
currently  available  techniques.  This  work  indicates  that  polyacrylamide- 
gel-electrophoresis  can  be  adapted  for  a  reasonable  M.W.  estimation  even 
under  the  above  conditions.  Eight  samples  were  simultaneously  separated; 
experimental  conditions  were  standardized  except  for  the  polyacrylamide 
concentration.  Proteins  were  visualized  by  protein  stains,  specific  enzyme 
staining  or  immunodiffusion.  Migration  distances  were  expressed  as  abso¬ 
lute  (millimeters  per  standard  time)  or  relative  mobilities  (percentage  of 
migration  of  serum  albumin).  Proteins  of  known  size  and  charge  were 
used  as  standards.  Increases  in  gel  concentration  between  5  and  10% 
caused  a  linear  increase  or  decrease  of  relative  mobilities,  depending  on 
M.W.’s  of  the  proteins  compared  to  that  of  albumin.  Even  minor  dif¬ 
ferences  in  M.W.  resulted  in  different  slopes  of  the  lines.  A  more  prac¬ 
tical  approach  was  suggested  by  the  results  of  two  dimensional  electro¬ 
phoresis.  A  linear  relation  was  found  between  the  ratio  of  migration  in 
two  different  gel  concentrations  and  M.W/s: 
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log  M.W.  =  a  (ratio)  +  b, 

a  and  b  to  be  determined  experimentally.  A  standard  curve  was  used 
for  estimation  of  M.W.’s  of  “unknown”  proteins.  A  good  correlation  existed 
with  literature  values.  (Supported  by  Grant  No.  GB-3236  of  the  N.S.F.). 
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SECTION  OF  PSYCHOLOGY 

A  TEST  OF  THE  LETTER-SEQUENCE  HYPOTHESIS 
IN  VERBAL  LEARNING 

A.  James  Anderson  and  Kenneth  A.  Blick 
Randolph-Macon  College 

Sixty  self-paced  (SP)  Ss  studied  6-item  lists  of  paired  single-letter 

associates  of  either  high  (.14)  or  low  (.00)  associative  probability  (HA 
or  LA)  and  were  tested  for  recall  of  the  response  terms  immediately 
after  training.  The  percentage  of  correct  responses  at  immediate  recall 
was  significantly  higher  for  the  SP-HA  group  (90%)  than  for  the 
SP-LA  groun  (74%),  and  tune-to-learn  scores  were  also  significantly 
different  (SP-HA  =  50  sec.  and  SP-LA  =  77  sec.).  These  data  provide 
unequivocal  support  for  the  often-used  but  previously  unverified  letter- 
sequence  hvpothesis  originally  advanced  bv  Underwood  and  Postman  in 
1960. 


THE  EFFECT  OF  EVENT  PROPORTION  ON  THE  PERCEPTION  OF 
SIMULTANEOUS  BINARY  PATTERNS 

Peter  L.  Derks  and  Anne  V.  Larson 
The  College  of  William  and  Mary 

Cherry  and  Derks  (1964)  reported  that  increased  stimulus  complexity 
is  the  critical  variable  in  the  increased  errors  found  in  the  reproduction 
of  binary  patterns  of  different  event  proportions.  Further  analysis  of  this 
data  has  shown  an  interaction  between  omission  and  commission  errors 
and  event  proportion.  The  present  study  examined  the  two  tasks  involved 
in  the  reproduction  of  these  patterns,  the  judgment  of  number  of  events 
and  the  report  of  their  location.  Increased  errors  with  increased  event 
proportion  result  from  inaccuracy  of  numerosity  estimation  for  increased 
numbers  of  events  rather  than  “complexity”. 
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THE  INTERACTION  BETWEEN  THE  SHORT-TERM  RETENTION 
OF  TWO  TYPES  OF  MATERIAL 

Richard  Dillon,  Tara  Forsyth,  and  L.  Starling  Reid 
University  of  Virginia 

Four  series  of  five  consonant  trigrams  were  presented  by  the  single- 
item  technique  to  64  subjects.  Following  the  1.3  sec.  presentation  of 
each  trigram,  subjects  were  required  for  nine  seconds  to  name  geometrical 
forms  presented  at  the  rate  of  two  per  second  and  then  recall  the  tri¬ 
gram.  For  all  subjects,  series  of  1,  3,  5,  or  7  three-digit  items  were 
interpolated  in  a  partially  counterbalanced  fashion  between  each  of  the 
four  series  of  tri grams.  The  digit  items  were  presented  and  recalled  in 
the  same  fashion  as  were  the  consonants.  Of  primary  interest  was  the 
recall  of  the  first  item  in  the  consonant  trigram  series  following  each 
of  the  three-digit  recall  conditions.  As  the  number  of  interpolated  digit 
items  was  increased,  the  recall  of  the  first  item  in  the  succeeding  con¬ 
sonant-trigram  series  was  significantly  improved.  On  the  other  hand, 
the  recall  of  items  two  through  five  was  not  affected  by  the  interpolated 
digit  recall. 

THE  ROLE  OF  AN  “OBSERVING  RESPONSE”  IN 
THE  REVERSAL  LEARNING  OF  RATS 

William  Ewald 

The  College  of  William  and  Mary 

Three  experimental  situations  were  set  up  in  an  effort  to  determine 
whether  a  “two  factor”,  mediational  explanation  would  more  adequately 
predict  results  in  reversal  and  overlearning  tasks  than  uniprocess,  S-R 
theories,  or  vice  versa.  The  first  study  involved  a  simple  reversal  in  a 
simultaneous  discrimination  situation  (T-maze)  following  differential 
(Group  DR)  or  continuous  (Group  CR)  reinforcement  in  a  successive 
situation  (runway).  In  the  second  study,  the  Ss  were  given  a  substantial 
amount  of  overtraining  on  the  successive  problem  and  then  were  reversed 
on  the  simultaneous  one.  In  the  final  experiment,  Ss  were  trained  and 
reversed  in  the  simultaneous  situation.  One  group  was  allowed  free 
responding  in  both  training  and  reversal.  A  second  group  however,  was 
forced  in  training  to  either  the  left  or  right  side  of  the  maze  depending 
upon  which  S  it  was  yoked  to  in  the  first  group.  In  the  reversal  part, 
they  received  the  same  conditions  as  Group  1.  The  “two  factor”  theorists 
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would  predict  faster  reversals  for  the  free  choice  groups  as  well  as  Group 
DR  in  the  first  two  studies.  An  “observing  response”  developed  during 
training  would  be  the  determining  factor  for  the  positive  transfer  between 
acquisiton  and  reversal.  The  uniprocess  theorists  would  predict  no  signif¬ 
icant  differences  in  reversal  learning  for  the  groups  in  Experiment  3  since 
the  instrumental  response  tendencies  for  the  two  groups  should  be  approxi¬ 
mately  equal.  They  would  also  predict  that  Group  CR  would  show 
superior  performance  in  the  first  two  studies  because  of  the  absence  of 
negative  instrumental  response  tendencies  in  the  reversal  situation.  The 
results  generally  supported  the  “two  process”  position  and  were  discussed 
in  relation  to  the  role  of  exteroceptive  cues  in  both  acquisition  and  reversal. 

RELATIONSHIP  BETWEEN  MEMORY  TRANSFER  AND 
CANNIBALISM  IN  PLAN  ARIA 

John  Farrar,  Lou  Van  Heuveln  and  Richard  L.  Patten 
University  of  Richmond 

The  purpose  of  the  experiment  was  to  study  the  facility  with  which 
planaria  form  CR’s  in  a  classical  light-shock  situation  and  to  discover  if 
the  feeding  of  the  heads  and  tails  of  these  trained  planaria  to  another 
group  of  planaria  facilitates  conditioning  in  this  second  group.  The  ex¬ 
perimenters  were  also  interested  in  a  possible  increase  in  rate  of  con¬ 
ditioning  among  animals  in  the  second  group  as  a  result  of  their  having 
been  fed  heads  while  others  of  the  group  had  been  fed  tails.  Planaria 
were  conditioned  to  respond  to  light.  The  heads  and  tails  of  the  con¬ 
ditioned  group  and  of  a  control  group  were  fed  to  four  groups  of  planaria. 
Although  there  was  no  evidence  of  significant  transfer  of  conditioning 
or  of  a  significant  relationship  between  the  feeding  of  the  heads  and 
tails  and  the  degree  of  conditioning  in  the  animals  being  fed,  there  was 
a  slight  trend  towards  better  conditioning  among  the  cannibals  of  the 
experimental  heads  and  tails  than  among  the  cannibals  of  the  control  heads 
and  tails  and  a  stronger  trend  towards  better  conditioning  among  the  can¬ 
nibals  of  the  heads  (experimental  and  control)  than  among  the  cannibals 
of  the  tails  (experimental  and  control). 


360  The  Virginia  Journal  of  Science  [September 

ABSOLUTE  JUDGMENT  OF  LINE  LENGTH:  UNEXPECTEDLY 
GOOD  PERFORMANCE 


Herbert  Friedman 
The  College  of  William  and  Mary 

In  learning  of  IS  intervals  of  line  length,  subjects  performed  at  a 
level  equivalent  to  a  capacity  of  13  or  more  categories  (over  3.5  bits  in 
information  theory  terms ) .  When  the  number  of  categories  was  increased 
to  30,  Ss  performance  was  at  the  level  of  above  18  categories  (over  4  bits). 


DETERMINATION  OF  THE  STRUCTURAL  CHANGE  INVOLVED 
IN  LEARNING  IN  PLANARIA  THROUGH  THE  APPLICATION 
OF  RETROGRDE  AMNESIA 

Jack  Gaughan 
H.  L.  Ferguson  High  School 

Recent  attention  in  experimental  psychology  has  been  focused  on 
invertebrates,  and  from  this  work  has  come  one  important  theory  of  ani¬ 
mal  learning.  According  to  this  theory,  the  process  of  fixing  learning 
into  the  brain  as  memory  occurs  in  two  stages.  The  first  stage  consists 
of  continuous  electrical  activity  patterns  in  the  brain  and  is,  therefore, 
disruptable  by  an  electrical  ‘‘storm.”  The  second  stage  consists  of  a 
permanent  structural  change  within  the  brain  resulting  from  the  electrical 
paterns  of  the  first  stage  and  which  is  insensitive  to  electrical  shock. 
Planaria  were  used  to  test  this  hypothesis.  The  flatworms  were  trained 
in  an  instrumental  Y-maze  to  criterion.  After  reaching  criterion  the 
worms  were  shocked  in  different  experimental  groups  at  intervals  rang¬ 
ing  from  0  to  75  minutes,  respectively.  Following  shock,  the  worms 
were  re-tested  for  retention  of  the  maze  learning.  Findings  support  a 
two-stage  learning  process  in  planaria.  Furthermore,  the  point  of  perma¬ 
nent  structural  change  in  the  brain  appears  to  occur  about  75  minutes 
after  criterion  is  reached.  Evidence  obtained  in  support  of  this  new 
concept  of  learning  may  be  useful  in  understanding  the  processes  underly¬ 
ing  learning  in  all  animal  forms. 
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EFFECTS  OF  DRIVE  ON  REMINISCENCE  IN  KINESTHETIC 
FIGURAL  AFTEREFFECTS 

Linda  D.  Gray  and  Virgil  V.  McKenna 
The  College  of  William  and  Mary 

According  to  Kimble,  reminiscence  results  from  the  dissipation  of 
reactive  inhibition,  IR,  which  has  accumulated  from  massed  practice  on 
a  task  and  which  is  evident  in  S’s  behavior  as  performance  decrement. 
According  to  Eysenck’s  three-factor  theory,  reminiscence  is  a  task  specific 
phenomenon  and  will  result  from  dissipation  of  IR  only  on  a  task  which 
involves  no  new  learning.  According  to  both  theorists,  higher  drive  levels 
should  contribute  to  improved  performance  and  greater  reminiscence  than 
lower  drive  levels.  Drawing  on  Eysenck’s  proposal  that  aftereffects  tasks 
involve  no  new  learning,  a  KFAE  task  was  selected  for  the  present  experi¬ 
ment  and  the  following  hypotheses  tested:  Reminiscence  in  a  KFAE  task 
should  be  due  entirely  to  dissipation  of  IR;  a  high  drive  group  should 
obtain  a  greater  amount  of  KFAE  than  a  low  drive  group;  and  reminiscence 
should  be  greater  for  the  high  drive  group.  Results  for  a  sample  of  28 
normal  Ss  scoring  in  the  extreme  high  and  low  ranges  of  the  N  scale 
of  the  MPI  provided  only  partial  support  for  the  hypotheses.  Massed 
practice  did  produce  significant  amounts  of  IR  in  the  KFAE  task,  high 
drive  Ss  obtained  larger  KFAE’s,  but  the  high  drive  group  did  not  show 
greater  reminiscence.  Eysenck’s  dimensional  analysis  of  tasks  was  also 
questioned  in  light  of  the  fact  that  some  learning  may  have  occurred 
within  the  high  drive  group. 
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OVERLEARNING  AND  REVERSAL  OF  A  SUCCESSIVE 
DISCRIMINATION  TASK 

Phyllis  A.  Hornbuckle 
College  of  William  and  Alary 

The  experiment  investigated  the  overlearning  reversal  discrimina¬ 
tion  problem  in  rats  under  successive  stimulus  conditions  in  the  Skinner 
apparatus.  Differential  predictions  for  the  results  were  drawn  from 
“mediational”  explanations,  the  Birch,  Ison  and  Sperling  (1960)  inter¬ 
pretation  , which  proposes  differential  extinction  rates  to  the  positive  stimu¬ 
lus  in  the  original  problem  after  reversal  and  from  the  D’Amato  and 
Jagoda  (1960)  hypothesis  of  continuation  of  avoidance  responses  to  the 
negative  stimulus  in  the  original  task  after  reversal.  Sixteen  male  hooded 
rats  under  23-hour  food  deprivation  were  taught  a  discrimination  prob¬ 
lem  in  a  modified  Skinner  box.  After  meeting  the  learning  criterion, 
subjects  were  alternately  assigned  to  Criterion  or  Overtrained  Groups. 
Reinforcement  contingencies  were  reversed  on  the  day  after  criterion 
was  met  for  one  group  and  after  50%  as  many  additional  trials  as  were 
required  to  meet  criterion  for  the  other  group.  The  Criterion  Group 
was  superior  to  the  Overtrained  Group  in  learning  the  reversal  task.  The 
difference  between  groups  appeared  to  lie  in  an  increased  tendency  to 
continue  to  avoid  the  previously  negative  stimulus  after  overtraining. 
This  result  is  consistent  with  the  interpretation  and  prediction  of  the 
D’Amato  and  Jagoda  hypothesis. 

BRAIN  DAMAGE  AND  STRENGTH  OF  PREFERENCE  FOR 
FOOD  IN  RATS 

Leonard  E.  Jarrard  and  C.  B.  Manning 
Washington  and  Lee  University 

An  experiment  was  conducted  to  assess  any  difference  in  motivation 
destroyed,  as  opposed  to  normal,  unoperated  control  rats.  The  present 
results  suggest  that  rats  with  lesions  in  these  two  areas  have  a  higher 
preference  for  food  than  controls.  It  appears  that,  on  the  basis  of  these 
results,  there  is  a  correlation  between  these  subcortical  brain  areas  and 
for  food  in  rats  whose  septals  and  Hippocampals  had  been  bilaterally 
food  motivation.  Some  implications  about  this  possibility  are  considered. 
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DIFFERENCES  IN  VISUAL  ATTENSITY  TO  THE  LEFT  AND 
RIGHT  OF  FIXATION 

Jo  Ellen  Kirssin 
The  College  of  William  and  Mary 

This  study  tests  the  neurological  theory  of  Dallenbach  that  attensity 
(i.e.,  the  ‘attention-compelling’  power  of  a  stimulus)  is  greater  on  the 
same  side  as  the  preferred  eye  and  opposite  the  side  of  the  preferred  hand. 
Visual  patches,  one  on  either  side  of  fixation,  were  presented  tachistoscopi- 
cally  to  thirteen  Os.  These  patches  varied  in  relative  intensity,  and  O 
was  to  report  whether  the  one  to  the  right  or  the  one  to  the  left  of 
fixation  appeared  more  atense,  i.e.,  more  clear  or  more  vivid.  Os  were 
also  given  tests  of  eye-  and  hand-preference.  Although  there  were  hemi- 
field  differences  in  atensity  for  several  of  the  Os,  they  were  not  in  a 
direction  consistent  with  either  of  the  predictions  of  the  neurological  theory. 
The  evidence  suggests  that  a  functional,  rather  than  structural,  explanation 
is  appropriate. 


THE  EFFECT  OF  THWARTING  ON  A  SUBSEQUENT 
RESPONSE 

Lewis  J.  Levine  and  Richard  L.  Patten 
University  of  Richmond 

Several  studies  have  shown  that  rats  run  faster  in  the  second  alley 
(A2)  of  a  double  runway  apparatus  following  nonreward  as  compared 
with  reward  in  the  first  goal  box  (Gj).  This  difference  in  A2  response 
vigor,  termed  the  ‘‘Frustration  Effect,”  has  been  interpreted  as  reflecting 
an  increase  in  the  total  motivation  of  the  organism.  This  study  con¬ 
cerned  the  effects  of  another  operation,  thwarting,  which  has  been  either 
explicitly  (Brown,  1961)  or  implicitly  (Amsel,  1962)  considered  as  hav¬ 
ing  the  same  effects  as  nonreward.  Thwarting  was  operationally  defined 
as  the  removal  of  food  from  the  goal  box  thus  interrupting  the  animal’s 
consummatory  responding.  Three  groups  of  naive  food  and  water  de¬ 
prived  female  hooded  rats  received  100  trials  in  an  L-shaped  double¬ 
alley  apparatus.  One  group  was  thwarted  on  all  trials  in  Gx.  The  sec¬ 
ond  group  was  a  control  which  received  a  complete  reward  on  all  trials 
in  Gx.  Pairs  of  individuals  Ss  from  these  two  groups  were  matched  on 
each  trial  for  reward  magnitude.  The  third  group  was  thwarted  on  half 
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of  their  trials  in  Gx.  All  Ss  received  the  same  magnitude  of  reward  on 
each  trial  in  the  second  goal  box.  Analyses  of  second  alley  speed  indi¬ 
cated  facilitative  effects  of  thwarting  in  Gx,  suggesting  that  this  operation 
might  be  included  as  an  antecedent  to  frustration. 


WHEELRUNNING  IN  RATS  AS  A  FUNCTION  OF  MODE  OF 
BODY  WEIGHT  LOSS 

Spencer  R.  Mathews,  Jr. 

University  of  Virginia 

Two  groups  of  20  rats  each,  matched  for  original  body  weight, 
were  subjected  to  different  schedules  of  food  deprivation  in  their  home 
cages.  The  schedules  of  deprivation  were  as  follows:  (1)  a  variable- 
interval  feeding  schedule  (mean  interval=12  hrs.)  for  days  1-20;  or 
(2)  a  continuous-deprivation  regimen  over  days  17-20.  The  schedules 
were  so  arranged  that  the  two  groups  lost  equal  amounts  of  weight  (19% 
of  the  weight  of  matched  controls).  Contrary  to  expectation,  the  par¬ 
tially-deprived  group  ran  more  than  the  continuously-deprived  group 
when  both  were  placed  in  individual  activity  wheels  for  22  hours  with¬ 
out  food  or  water.  Both  groups,  of  course,  ran  more  than  control  ani¬ 
mals.  Subsequent  research  has  shown  that  the  phenomenon  is  reliable 
and  that  there  are  no  body-temperature  differences  between  the  deprived 
groups.  Current  research  is  being  aimed  at  evaluating  the  effects  of 
specific  parameters  of  the  feeding  schedules. 


THE  RELATION  OF  CONVERGENT  AND  DIVERGENT 

ASSOCIATIVE  PROCESSES  TO  MEDNICK’S  ASSOCIATIVE 

HIERARCHY  THEORY 

Cecile  Mayrand 

The  College  of  William  and  Mary 

Report  of  a  study  designed  to  discover  the  extent  to  which  con¬ 
vergent  and  divergent  associative  processes  are  related  to  each  other  and 
S.  Mednick’s  test  of  creativity,  the  RAT  test,  also  an  associative  test. 
A  traditional  divergent  free  associative  task  was  administered  in  which 
the  S  responded  for  3  minutes  under  continuous  conditions  to  six  flat 
hierarchy  nouns.  In  the  divergent  task  the  S  was  given  clues,  in  the  form 
of  normative  associations  of  varying  strength,  to  a  correct  stimulus  word. 
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Seven  hints  or  clues  were  presented  to  each  correct  word.  Finally,  the 
RAT  test  was  administered.  The  3  test  and  SAT  scores  were  combined 
in  a  correlational  design. 

A  STUDY  OF  THE  RELATIONSHIP  BETWEEN  LEVEL  OF  SKIN 
RESPONSE  SENSITIVITY  AND  PERSONALITY  FACTORS 
IN  ALLERGY 

Richard  H.  McCollum 
College  of  William  and  Mary 

This  study  investigated  the  relationship  between  degree  of  skin 
response  to  antigens,  maternal  rejection,  and  subjects  suffering  from  al¬ 
lergic  rhinitis;  and  if  this  relationship  also  exists  between  diagnostic 
categories  as  well  as  within  them.  Subjects  were  skin  tested  with  20 
inhalant  and  40  ingestant  antigens,  and  were  administered  the  Sixteen 
Personality  Factor  Questionnaire  and  two  forms  of  the  Semantic  Dif¬ 
ferential.  Separate  correlations  were  calculated  for  the  male,  female, 
asthmatic  and  allergic  rhinitis  subjects  and  differences  between  the  group 
means  and  correlations  were  tested.  Split-half  reliability  coefficients  for 
all  antigens  as  well  as  correlations  between  inhalant  and  ingestant  antigens 
indicated  that  a  high  degree  of  internal  consistency  was  present  within 
the  skin  test  measures.  No  significant  relationships  between  skin  reac¬ 
tivity,  maternal  rejection,  and  personality,  which  could  not  be  attributed 
to  sampling  factors,  were  found.  The  implications  of  these  results  for 
perosnality  theory  were  noted  and  suggestions  were  made  for  future  re¬ 
search. 
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COMPARISON  OF  THE  “ACTING  OUT”  AND 
THE  “INSTITUTIONALIZED”  INMATE 

Fred  K.  McCoy 
D.  C.  Dept,  of  Corrections 

An  attempt  was  made  to  differentiate  between  inmates  who  are 
“acting  out”  impulses  in  rules  infractions,  and  others  who  are  “institution¬ 
alized”  in  the  sense  of  conforming  to  regulations.  All  Ss  were  male  law¬ 
breakers,  aged  16  to  26,  incarcerated  in  the  Youth  Center  at  Lorton, 
Virginia.  A  group  of  39  inmates  with  6  to  27  disciplinary  infractions 
(mean,  eleven)  were  matched  to  39  with  0  to  3  (mean,  one),  on  the 
only  factor  known  to  be  related  to  number  of  infractions,  the  time  they 
had  been  confined  up  to  the  initiation  of  the  study  (mean  for  both  groups, 
19.2  months).  Scores  on  the  WAiS,  S.A.T.,  and  MMPi  were  compared. 
All  scores  used  had  been  derived  within  a  few  days  after  confinement 
and  were  considered  valid  by  the  diagnostician.  “Actors”  averaged  an 
IQ  of  91  and  others,  89,  not  significantly  different  (p.>.05),  and  both 
groups  averaged  an  S.A.T.  grade  level  of  5.5.  No  MMPI  scale  showed 
a  significant  difference  except  the  K  scale,  “acting  out”  inmates  averag¬ 
ing  53,  others  48  (p.  <  .05).  The  conclusion  is  that  with  the  excep¬ 
tion  of  the  slight  difference  on  the  K  scale,  the  tests  failed  to  differen¬ 
tiate. 


THE  RELATIONSHIP  OF  THE  DETECTION  OF  UNPREDICTABLE 
BINARY  SEQUENCES  AND  SELECTED  PERSONALITY 
MEASURES 

Currell  Lee  Pattie  and  W.  H.  Leftwich 
University  of  Richmond 

The  imposing  of  order  upon  chaotic,  unpredictable  situations  might 
be  called  “subject  generated  paternization”  (SGP).  In  prior  studies  two 
horizontal  lights  flashed  Ss  a  randomized  series  of  recurring,  patterned 
binary  sequences  and  unpredictable,  unstructured  sequences.  After  pre¬ 
senting  repetitions  of  each  pattern  and  an  equivalent  number  of  flashes 
for  the  orderless  sequences,  Ss  were  asked  whether  each  sequence  ob- 
srved  was  patterned  or  unpredictable.  Usually,  Ss  display  SGP  by  mak¬ 
ing  far  more  errors  on  unpredictable  sequences  than  on  patterns.  This 
experiment  investigated  the  relationship  or  error  incidence  on  nine  unpre- 
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dictable  sequences  with  scores  from  Couch  and  Keniston’s  Short  Scale 
for  Agreeing  Reponse  Tendency ,  Edwards’  Personal  Preference  Scale  for 
Order,  Gough-Sanford  Rigidity  Scale,  Martin  and  Stanley’s  revised  Rok- 
each  Dogmatism  Scale,  and  Watson-Glaser  Critical  Thinking  Appraisal. 
Insignificant  correlations  (N  =  37)  were  found  with  SGP  error  rate  and 
these  measures.  A  one-tailed  t-test  (N  =  13)  of  extreme  SGP  responders 
yielded  no  significant  t  value,  but  there  were  larger  variances  on  each  of 
the  five  measures  for  the  group  with  low  as  opposed  to  high  error  rates. 
A  relative  independence  from  ‘‘set”  or  “expectancy”  with  primary  reliance 
on  content  cues  may  account  for  the  greater  variability  of  the  low  error 
group. 


THE  RELATIONSHIP  BETWEEN  THE  RAT  AND 
THE  ASSOCIATIVE  HIERARCHY 

Donald  L.  Philbrook 
The  College  of  William  and  Mary 

Mednick  (1962)  presented  a  basic  hypothesis  regarding  the  nature 
of  creative  thinking  in  the  form  of  a  definition:  “the  forming  of  asso¬ 
ciative  elements  into  new  combinations  .  .  .  the  more  mutually  remote 
the  elements  of  the  combination,  the  more  creative  the  process  .  .  .  ” 
From  this  definition  the  following  predictions  were  made  concerning  the 
associative  hierarchy  of  high  creatives  vs  low  creatives:  (1)  Their  rate 
of  responding  will  be  different,  (2)  Their  total  number  of  responses  will 
be  greater,  and  (3)  More  remote  or  unique  responses  will  be  omitted 
by  the  former.  Using  Mednick’s  Criterion  test  of  Creativity  (The  Remote 
Associates  Test)  the  above  predictions  were  tested  in  the  administration 
of  a  continual  word  association  test. 


THE  DEVELOPMENT  OF  AN  ORIENTING  RESPONSE 
ACCOMPANYING  CLASSICAL  CONDITIONING 

Jerry  W.  Rudy,  Richard  L.  Patten,  and  W.  H.  Leftwich 
University  of  Richmond 

A  technique  for  classical  conditioning  of  the  licking  response  in  a 
free  responding  situation  has  recently  been  developed  (Patten  and  Deaux, 
1966).  This  technique  makes  possible  the  study  of  behavior  accompany¬ 
ing  classical  conditioning  which  has  been  noted  by  early  investigators, 
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(Pavlov  and  Zener)  but  has  not  been  systematically  studied.  This  study 
attempts  to  relate  quantitatively  the  development  of  orienting  behavior 
in  a  free  moving  rat  during  classical  conditioning  to  the  conditioning  of 
the  rat’s  licking  response,  and  to  distinguish  between  the  “what  is  it?” 
reflex  response  to  a  novel  stimulus  and  acquired  orienting.  Ss  were  8 
naive  female  hooded  rats  130  days  old,  4  of  which  were  assigned  to 
an  experimental  (conditioning)  group  and  4  to  a  pseudoconditioning 
control  group.  Two  measures  of  the  orienting  response  were  taken  for 
both  groups,  per  cent  of  trials  on  which  the  S  faced  the  CS  and  per 
cent  of  trials  on  which  the  S  moved  in  the  direction  of  the  CS.  Analysis 
of  variance  showed  a  significant  difference,  P  <  .01,  on  both  measures, 
as  well  as  adaptation  of  early  orienting  by  pseudoconditioning  Ss.  Results 
were  discussed  in  terms  of  possible  relations  to  secondary  reinforcement, 
or  feedback  and  Neo-Hullian  rg-sg  theory. 

A  STUDY  OF  THE  RELATIONSHIP  BETWEEN  THE  WISC  AND 
SCHOOL  SUCCESS  OF  EMOTIONALLY  DISTURBED  CHILDREN 

Dan  Shearer  and  Austin  E.  Grigg 
University  of  Richmond 

Research  has  shown  that  the  WISC  correlates  highly  with  achieve¬ 
ment  test  scores  of  various  samples  of  normal  children.  Research  has 
also  demonstrated  that  emotionally  disturbed  children  do  not  differ  sig¬ 
nificantly  from  normals  on  intelligence  but  the  former  do  poorer  in  school. 
The  present  study  sought  the  relationship  of  the  WISC  with  school  suc¬ 
cess  for  194  emotionally  disturbed  children  from  the  Virginia  Treatment 
Center  for  Children.  Children  were  classified  as  “passing”  if  they  had 
passed  every  grade,  and  “failing”  if  they  had  failed  one  or  more  grades. 
Bi-serial  correlations  were  computed  for  scores  on  ten  WISC  subtests 
and  the  three  scales  with  the  criterion  of  “passing”  or  “failing”  for  three 
age  groups.  The  results  showed  low  positive  but  significant  correlations 
and  a  trend,  consistent  with  previous  research,  toward  verbal  intelligence 
as  the  best  predictor  of  school  success.  However,  the  magnitude  of  the 
correlations  was  not  enough  to  justify  prediction  on  the  basis  of  single 
scores.  A  multiple  correlation  of  .47  was  computed  by  weighting  the 
Verbal  Scale,  Picture  Completion  and  Coding  measures.  The  conclusion 
was  that  intelligence  is  a  significant  but  not  a  major  differentiating  fac¬ 
tor  between  those  emotionally  disturbed  children  who  have  passed  all 
grades  and  those  who  have  not. 
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EMPIRICAL  CONSTRUCT  THEORY  AND  AXIOMATIC-MODEL 
THEORY:  A  CRITIQUE  OF  LACHMAN’S  POSITION 

Lee  M.  Shrader  and  Richard  L.  Patten 
University  of  Richmond 

R.  Lachman  (1960)  indicates  a  necessary  distinction  between  em¬ 
pirical  constructs  and  “theoretical-modular”  constructs.  Lachman  bases 
his  classification  of  constructs  on  the  distinction  made  by  Spence  between 
empirical  construct  theory  and  axiomatic-model  theory.  The  Spence- 
Bergmann  distinction  (classification)  between  empirical  constructs  and 
‘‘theoretical”  constructs  as  empirically  defined  terms  differing  only  in 
abstractness  (i.e.,  length  of  definition  chain)  is  stressed  by  the  writers. 
Lachman  classifies  all  uses  of  models  in  theorizing  as  axiomatic-model 
theory  In  response  to  this  position  the  writers  reassert  the  original 
Spence  distinction  between  empirical  construct  theory  and  axiomatic 
theory  and  make  the  point  that  any  purely  formal  (axiomatic)  system 
or  formalized  (empirical)  svstem  can  be  used  as  a  model.  The  writers 
then  indicate  that  Lachman’s  proposal  for  classifying  constructs  in  terms 
of  whether  or  not  they  are  used  in  constructing  hypotheses  from  models, 
along  with  his  mislabeliny  of  all  such  terms  as  “axiomatic-modular”  con¬ 
structs,  leads  to  the  mistake  of  classifying  rg  (mediation  model)  theoriz¬ 
ing  as  axiomatic  theory,  and  r„  as  an  aniomatic- modular  construct.  The 
writers  take  the  position  that  r„  is  an  empirical  construct,  and  rs.  theory 
as  currently  used  employs  a  model  based  on  the  formalized  (general¬ 
ized)  empirical  laws  of  classical  conditioning. 

THE  EFFECTS  OF  CONCURRENT  PROACTIVE  AND 
RETROACTIVE  INTERFERENCE  ON  PAIRED 
ASSOCIATE  LEARNING 

Aron  L.  Suna  and  James  Crouse 
Washington  and  Lee  University 

Paired  associate  learning  under  conditions  of  concurrent  proactive 
and  retroactive  interference  was  studied.  This  was  accomplished  by  al¬ 
ternating  two  lists  every  two  trials  during  learning.  Differences  in 
learning  among  five  interference  paradigms  were  explained  by  concurrent 
proactive  and  retroactive  interference  from  conflicting  forward  and  back¬ 
ward  associations.  This  interference  was  found  to  be  specific  to  the 


370 


The  Virginia  Journal  of  Science 


[September 


conflicting  association  in  most  cases.  The  interference  was  also  found 
to  be  from  concurrent  proactive  and  retroactive  sources  and  not  simply 
from  one  of  the  sources  alone. 


THE  ORIENTING  RESPONSE  OF  KINDERGARTEN  CHILDREN 
TO  A  LIGHT  PAIRED  WITH  A  REWARD 

Julia  Trent,  Margaret  Jennings,  and  Richard  L.  Patten 
University  of  Richmond 

Kindergarten  children  were  ushered  one  at  a  time  into  a  partially 
darkened  room  with  instructions  to  take  two  pieces  of  candy  out  of  a 
match  box  and  eat  them  whenever  a  tone  sounded.  For  the  experi¬ 
mental  group  onset  of  a  small  7  watt  light  was  paired  with  the  tone. 
For  the  (pseudoconditioning)  control  group,  light  and  tone  were  not 
systematically  paired.  The  experiment  thus  was  constructed  as  a  classical 
conditioning  situation.  Observations  of  the  children’s  head-turning  and 
locomotion  behavior  toward  the  light  were  recorded.  Responses  of  orient¬ 
ing  toward  the  light  were  at  high  strength  in  both  groups  of  children, 
but  adapted  out  over  training  trials  in  the  pseudoconditioning  controls. 
The  results  are  similar  to  behavior  observed  in  classical  conditioning 
experiments  with  dogs  and  rats. 

THE  EFFECT  OF  AGING  ON  RATINGS  OF  BODY  CONCEPTS 
AS  MEASURED  BY  THE  SEMANTIC  DIFFERENTIAL 

Gary  V.  Whalen  and  Austin  E.  Grigg 
University  of  Richmond 

A  semantic  differential  scale,  composed  of  four  measures  for  each 
of  the  Evaluative,  Potency  and  Activity  dimensions,  was  administered  to 
four  different  age  groups  so  that  they  could  rate  their  impressions  of  self, 
physical  self,  and  various  body  parts  and  functions.  The  mean  age  for 
each  group  was  16  years,  20.3  years,  37.5  years  and  71.8  years.  There 
were  15  males  at  each  age  level  and  all  subjects  were  in  good  health. 
The  data  were  studied  by  means  of  five  analyses  of  variance.  The 
results  indicate  that:  (1)  the  elderlv  subiects  perceived  their  self  con¬ 
cepts  more  negatively  than  those  in  younger  age  groups;  (2)  aging  seems 
to  be  accompanied  by  a  significant  impression  of  functional  loss;  (3)  the 
physical  self  is  not  depreciated  as  much  with  aging  as  in  the  self  con- 


1966] 


Proceedings  1965-1966 


371 


cept;  and  (4)  devaluation  of  one  aspect  of  the  physical  self  does  not 
generalize  to  other  variables  making  up  the  body  image,  nor  is  there 
evidence  to  suggest  that  perceived  physical  inferiority  leads  to  a  cor¬ 
responding  devaluation  of  the  self  concept. 

RELATIONSHIP  BETWEEN  SELECTED  “VALUES”  AND 
AIDED  RECALL  ON  MAGAZINE  ADVERTISEMENTS 

foHN  B.  Wolff  and  Robert  J.  Filer 
University  of  Richmond 

Aided  recall  scores  were  obtained  from  specific  magazine  advertise¬ 
ments  representing  two  values  (social  and  economic)  from  the  Allport- 
Vernon-Lindzey  “Study  of  Values.”  A  total  of  34  magazine  advertise¬ 
ments  was  presented  to  a  5  separate  judges  who  rated  the  ads  along  a 
3-point  scale  in  order  to  determine  if  the  ads  had  a  social  or  economic 
theme.  Five  social  and  five  economic  ads  were  chosen.  The  ads  were 
then  presented  to  high  and  low  scorers  on  the  social  and  economic  scales 
of  the  ‘‘Study  of  Values.”  Each  of  the  twenty  subjects  observed  each 
ad  for  25  seconds.  An  aided  recall  questionniare  was  then  answered 
to  determine  the  amount  of  recall  for  the  social  and  economic  ads.  In  a 
2x2x2  repeated  measures  analysis  of  variance,  it  was  found  that  recall 
for  the  social  ads  was  significantly  greater  (P  <  .05)  than  for  the  economic 
ads  regardless  of  the  particular  group.  There  were  no  significant  dif¬ 
ferences  between  groups.  The  fact  that  there  were  no  significant  results 
between  groups  can  be  accounted  for  in  the  social  advertisements  that 
were  used.  Some  of  the  ads  apparentlv  were  not  representative  of  the 
definition  of  the  social  value. 
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SECTION  OF  SPACE  SCIENCE 
AND  TECHNOLOGY 

A  NEW  METHOD  OF  MEASURING  THE  GRAVITATIONAL 
CONSTANT,  G 

J.  W.  Beams,  Department  of  Physics  and 
A.  R.  Kuhlthau,  H.  M.  Parker,  and  R.  A.  Lowry 

Department  of  Aerospace  Engineering  and  Engineering  Physics 
University  of  Virginia 

Two  masses  m  connected  by  a  rigid  horizontal  rod,  are  supported 
by  a  vertical  fiber  fastened  to  the  middle  of  the  rod.  The  top  of  the 
fiber  is  attached  to  a  small  ferromagnetic  body  which  is  freely  suspended 
by  an  almost  friction  free  magnetic  suspension  system  located  above  the 
vacuum  chamber  which  encloses  the  entire  m  system.  The  masses  m 
are  placed  in  proximity  to  a  second  pair  of  masses  M  located  in  the  same 
horizontal  plane  so  that  the  gravitational  interaction  between  the  two 
pairs  of  masses  produces  a  pure  torque  on  the  m  system.  The  M$  are 
fastened  to  the  support  of  the  vacuum  chamber  which  is  rotated  about 
a  vertical  axis  by  a  servo-system  in  such  a  way  as  to  keep  the  angle  A 
constant  between  the  line  connecting  the  centers  of  the  m$  with  that 
connecting  the  M .  The  constant  acceleration  of  the  m  systems  is  thus 
imparted  to  the  vacuum  chamber  and  the  M  system.  If  the  system  are 
allowed  to  accelerate  for  a  day  and  measurements  made  of  A,  the  initial 
and  final  values  of  the  times  angular  velocities  etc.,  estimates  from  pre¬ 
liminary  work  indicate  a  precision  in  B  of  one  part  in  2  x  105.  The 
theoretical  analysis  of  the  experiment  will  be  summarized  and  a  descrip¬ 
tion  of  the  apparatus  will  be  given.  (Supported  by  NASA). 
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THE  RELATIVE  REFLECTANCE  OF  FILM-COVERED 
WATER  SURFACES 

J.  Taylor  Beard 

Mechanical  Engineering  Department 
University  of  Virginia 

John  A.  Wiebelt 
School  of  Mechanical  Engineering 
Oklahoma  State  University 

Equations  for  the  polarized  energy  reflectance  of  thin-film  covered 
substances  have  indicated  that  reflectance  is  a  function  of  the  optical 
properties,  the  film  thickness,  the  energfv  wavelength,  and  the  angle  of 
incidence.  These  equations  were  assumed  to  be  valid  for  monolayer  films 
on  flat  water  surfaces.  Analytical  work  was  done  with  the  aid  of  a 
computer  to  determine  the  change  of  reflectance  with  the  variation  of 
the  properties  mentioned  above.  The  results  show  that,  by  selecting  a 
film-forming  substance  which  has  desirable  optical  properties,  the  energy 
reflectance  may  be  significantlv  increased.  Experimental  work  was  done, 
to  determine  the  change  of  reflectance  due  to  the  presence  of  a  compress¬ 
ed  cetvl  alcohol  monolaver  on  a  water  surface.  Though  some  increase 
in  reflectance  was  noted,  the  results  showed  that  a  cetyl  alcohol  monolaver 
does  not  significantlv  increase  the  reflectance  of  water  in  the  energy 
range  between  0.40  and  2.20  microns.  The  results  corespond  to  the 
predicted  theory  as  the  anticipated  optical  properties  of  a  cetyl  alcohol 
monolayer  are  not  extreme  enough  to  significantly  increase  the  reflect¬ 
ance.  (This  work  was  done  at  Oklahoma  St^te  University  under  the 
Bureau  of  Reclamation  Contract  No  14-06-D-5232). 

MOMENTUM  TRANSFER  TO  SOLID  SURFACES  BY 
FAST  NITROGEN  MOLECULES 

R.  C.  Buggeln,  R.  R.  Humphris,  and  J.  W.  Boring 
Dept,  of  Aerospace  Engineering  and  Engineering  Physics 
University  of  Virginia 

The  average  transfer  of  momentum  to  solid  surfaces  by  nitrogen 
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molecules  of  energies  10-200  eV  has  been  measured.  The  dependence 
of  the  results  on  molecule  energy,  angle  of  incidence,  and  gross  nature 
of  the  surface  has  been  studied.  The  molecular  beam  is  formed  by  neu¬ 
tralization  of  a  N2+  ion  beam  by  charge  transfer  in  nitrogen  gas,  the 
neutralizing  gas  being  pumped  cryogenically.  The  momentum  transfer 
is  observed  by  measuring  with  a  torsion  balance  the  force  produced  by 
the  molecular  beam  on  the  test  surface. 


ON  DIFFERENT  INTERPRETATIONS  OF  THE  MEASURED 
DISSOCIATION  RATE  OF  OXYGEN  AND  THEIR  EFFECTS 
ON  COUPLED  VIBRATION-DISSOCIATION  FLOW  FIELDS 

Fred  R.  DeJarnette 
Department  of  Aerospace  Engineering 
Virginia  Polytechnic  Institute 

Several  experimental  investigations  have  been  performed  to  deter¬ 
mine  the  forward  reaction-rate  constant  for  the  dissociation  of  oxygen. 
These  investigators  argued  that  their  measurements  were  taken  in  a  region 
where  the  vibrational  energy  was  in  equilibrium;  however,  they  did  not 
consider  the  vibration-dissociation  coupling  effects.  Treanor  of  the  Cor¬ 
nell  Aeronautical  Laboratories  postulated  that,  as  a  result  of  the  ommb'ng 
effect,  the  measurements  were  performed  in  a  region  of  nonequilibrium 
flow  over  a  wedge  using  both  of  the  above  interpretations  of  the  measured 
rate-constants.  Significant  differences  are  found  in  the  flow  field  prop¬ 
erties,  particularly  near  the  leading  edge  of  the  wedge. 

THE  EXTREMALS  FOR  HOHMANN  TYPE  VELOCITY 
IMPULSE  ORBIT  TRANSFERS 

James  B.  Eades,  Jr. 

Department  of  Aerospace  Engineering 
Virginia  Polytechnic  Institute 

Several  of  the  in-plane  Hohmann  type  transfers  have  been  suggested 
as  a  moans  of  providing  interplanetary  travel.  In  most  cases  these  flight 
operations  have  been  suggested  because  of  the  energy  advantage  asso¬ 
ciated  with  this  particular  transfer  maneuver.  A  brief  discussion  of  these 


1966] 


Proceedings  1965-1966 


375 


maneuvers,  and  a  description  of  the  velocity  impulse  required  (AV/V) 
for  each  is  proposed.  An  examination  and  evaluation  of  selected  classes 
of  such  tiansfers  is  presented  with  an  idea  of  describing  the  extremals 
associated  with  each. 


TRANSPIRATION  COOLING  AT  HYPERSONIC  SPEEDS 
G.  L.  Goglia 

Department  of  Thermal  Engineering 
Old  Dominion  College 

Advances  in  high  speeds  and  space  flight  technology  has  made  it 
necessary  to  focus  attention  on  the  alleviation  of  high  heating  rates 
encountered  at  the  surfaces  of  such  vehicles  especially  upon  reentry  con¬ 
ditions.  The  transpiration  cooling  process,  an  extension  of  the  film  cool¬ 
ing  technique,  involves  a  surface  of  porous  material  through  which  a 
coolant  is  blown.  The  coolant  leaves  normal  to  the  surface  and  thus  the 
coolant  film  on  the  hot  fluid  side  is  continuously  renewed.  By  this 
method  the  cooling  effectiveness  can  be  made  to  remain  constant  along 
the  surface.  The  approach  taken  in  this  paper  was  to  examine  the 
boundary  layer  equations  of  momentum,  continuity,  diffusion  and  energy 
for  the  cases  where  the  properties  of  the  coolant  fluid  (for  this  case 
a  gas)  diffusing  through  the  wall  are  either  identical  with  or  different 
from  those  of  the  free  stream  fluid.  The  governing  equations  are  de¬ 
veloped  invoking  following  constraints:  fluids  considered  perfect  gases; 
radiation,  dissociation,  ioniaztion,  external  bodv  forces,  diffusion  due  to 
pressure  gradients  and  force  fields,  no  slip  and  conduction  losses  along 
surface  neglected. 

THE  INFLUENCE  OF  INTERNAL  FRICTION  ON  THE 
STABILITY  OF  HIGH  SPEED  ROTORS 

Edgar  J.  Gunter,  Jr. 

Department  of  Mechanical  Engineering 
University  of  Virginia 

This  paper  deals  with  the  influence  of  internal  rotor  friction  on 
stability  The  equations  of  motion  for  the  single  mass  flexible  rotor  are 
developed  and  analyzed  to  determine  the  stability  threshold.  An  analog 


376 


The  Virginia  Journal  of  Science 


[September 


compute!  was  used  to  stimulate  the  rotor  motion  and  comparison  is  made 
with  experimental  data.  The  investigation  shows  that  large  gains  in  sta¬ 
bility  can  be  achieved  by  incorporating  bearing  support  flexibility  and 
damping  into  the  system.  Under  certain  conditions  of  high  speed  and 
light  loading,  a  situation  can  arise  in  which  the  rotor  svstem  is  capable 
of  orbiting  or  precessing  in  its  bearings  at  a  rate  less  than  the  total 
rotor  angular  speed.  This  nonsynchronous  precessive  motion,  which  has 
often  been  referred  to  in  the  literature  as  whirling  or  whipping,  can  lead 
to  destruction  of  the  rotor  if  the  whirl  threshold  speed  is  exceeded.  Non¬ 
synchronous  rotor  precession  is  a  self-induced  vibration  and  has  sometimes 
been  described  as  “sustained  transient  motion.”  With  a  self-excited  whirl 
instability,  unbalance  is  of  minor  importance.  At  the  onset  of  whirl, 
the  rotor  behavior  is  unlike  a  critical  speed  resonance  where  the  amplitude 
of  motion  builds  up  to  a  maximum  value  and  then  decreases.  At  the 
inception  of  nonsvnehronous  whirling,  the  rotor  motion  will  continually 
build  up  with  speed  since  the  self-excitation  increases  the  energy  trans¬ 
fer  into  the  svstem  with  increased  speed.  If  the  rotor  speed  is  increased 
appreciablv  above  the  whirl  threshold  speed,  the  large  orbiting  obtained 
will  usually  result  in  rotor  or  bearing  failure. 

APPROXIMATE  ISENTROPIC  PROFILES 
IN  NEAR-SONIC  FLOWS 

William  P.  Harrison,  Jr. 

Department  of  Aerospace  Engineering 
Virginia  Polytechnic  Institute 

In  the  usual  one-dimensional  analvsis  of  nozzle  flows  only  one  nozzle 
coordinate  can  be  determined,  that  being  the  coordinate  normal  to  the 
flow  direction  which  oan  be  expressed  as  a  function  of  Mach  Number. 
This  shortcoming  of  one-dimensional  analvsis  makes  it  necessary  to  rely 
on  higher-order  theory,  namelv,  the  method  of  characteristics,  for  complete 
definition  of  supersonic  nozzle  profiles.  This  paper  presents  a  method 
for  combining  certain  relationships  from  both  one-dimensional  flow  and 
characteristics  solutions  in  order  to  determine  the  profile  shapes  for 
isentropm  expansion  of  uniform  supersonic  flow  near  the  throat  of  two- 
dimensional  and  axisymmetric  nozzles. 
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CONTACTOR  CONTROL  AND  ITS  APPLICATION 
TO  OPTIMIZATION  PROBLEMS 

Y.  Kashiwagi 

Department  of  Aerospace  Engineering 
Virginia  Polytechnic  Institute 

By  using  Pontryagin’s  maximum  principle,  it  is  shown  that  the  bang- 
bang  control  is  the  optimal  for  linear  systems,  thus  the  importance  of 
investigating  bang-bang  control.  The  theory  of  Contactor  Control  is  intro¬ 
duced  bv  using  linear  systems  as  examples.  And  this  theory  is  applied 
for  minimum  time  and  minimum  fuel  consumption  problems  of  a  space 
vehicle. 

THE  EFFECT  OF  WEAR  ON  PIVOT  THRUST  BEARINGS 

J.  J.  Kauzlarick,  Mechanical  Engineering  Dept.,  University  of  Virginia; 

K.  G.  Bhatia,  West  Virginia  Pulp  and  Paper  Co.; 

H.  W.  Stkeitman,  University  of  Virginia 

A  theoretical  and  experimental  analysis  of  pivot  thrust  bearings 
was  conducted  to  determine  the  important  design  parameters,  with  em¬ 
phasis  on  the  effect  of  wear.  The  theory  based  on  the  Archard  wear 
law  shows  that  wear  significantly  influences  design  parameters.  Con¬ 
trary  to  previous  design  information,  there  is  no  difference  in  torque 
between  pivots  having  hemispherical  or  flat  tips  when  the  area  of  con¬ 
tact  is  tne  same  and  steady  state  wear  is  established  since  wear  caused 
each  to  experience  the  same  stress  distribution.  Experimental  unlubricat¬ 
ed  wear  studies  using  carbon  pivots  gave  results  in  reasonable  agreement 
with  the  theory.  The  experiments  for  carbongraphite  indicate  that  pin 
and  ring  unlubricated  wear  data  may  be  used  to  predict  the  coefficient 
of  wear  in  pivot  design  when  operating  conditions  are  the  same. 
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OPTICAL  RADAR  STUDIES  OF  THE  EARTH’S  ATMOSPHERE 


James  D.  Lawrence,  Jr.,  Michael  P.  McCormick,  and 
Douglas  P.  Woodman 
Department  of  Physics 
College  of  William  and  Mary 

A  system  designed  to  measure  atmospheric  backscatter  of  laser  radia¬ 
tion  is  described.  A  laser  transmitter  emitting  about  1  joule  with  a  pulse 
length  of  10  nanoseconds  is  used  as  a  transmitter.  The  backscattered 
radiation  is  collected  by  a  60-inch  parabolic  mirror  and  detected  by  a  high 
gain  photomultiplier.  Experimental  results  for  several  laser  wavelengths 
are  discussed.  (Work  supported  by  the  National  Aeronautics  and  Space 
Administration. ) 

MULTI-COMPONENT  MICRO-FORCE  MEASUREMENTS  USING 

AIR  BEARING  AND  NULL  BALANCE  CONTROL  SYSTEMS 

J.  W.  Moore  and  E.  S.  McVey 
School  of  Engineering  and  Applied  Science 
University  of  Virginia 

The  advent  of  ion  engines,  which  have  a  very  high  weight  to  thrust 
ratio,  and  hypersonic  wind  tunnel  conditions  on  aerodynamic  models,  has 
created  a  necessity  for  new  measurement  techniques.  The  ion  engine 
measurements  present  a  resolution  problem  while  the  hypersonic  wind 
tunnel  measurement  problem  results  from  measurement  of  extremely  small 
forces  in  the  presence  of  very  high  velocities  and  temperatures  and  very 
low  pressures.  This  paper  reports  theoretical  and  experimental  results 
through  the  design  stage  for  a  system  which  makes  use  of  a  table,  servoed 
in  three  coordinates,  which  is  supported  by  an  air  bearing.  The  air 
bearing  theoretically  reduces  nonlinear  friction  to  zero  so  that  resolution 
is  greatly  enhanced  by  the  method  as  compared  to  previous  methods. 
The  overall  design  of  the  control  system  largely  reduces  cross  coupling 
components  which  is  a  major  improvement  over  competing  systems. 
Force  components  are  read  out  from  the  servo  actuators  and  recorded 
through  an  automatic  data  reduction  link.  (The  research  on  which  this 
paper  is  based  was  supported  by  the  National  Aeronautics  and  Space 
Administration,  Langley  Field,  Virginia  (Force  measurement  Group), 
Grant  NGR  47-005-026.) 
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DETERMINATION  OF  ATMOSPHERIC  DENSITIES  FROM 
THE  EXPLORER  XXIV  SATELLITE 

James  A.  Mullins,  Gerald  M.  Keating,  and  Edwin  J.  Prior 
Langley  Research  Center ,  NASA 

A  description  is  given  of  the  method  of  determining  atmospheric 
densities  from  the  orbital  decay  of  the  lightweight  inflatable  satellite, 
Explorer  XXIV.  The  change  in  the  total  energy  of  the  satellite  is  deter¬ 
mined  from  changes  in  the  satellite  orbit.  At  altitudes  above  500  kilo¬ 
meters  the  energy  change  of  the  satellite  caused  by  solar  radiation  pres¬ 
sure  is  found  to  be  significant  and  is  subtracted  from  the  total  energy 
change  to  yield  the  change  in  the  satellite  energy  which  is  attributable  to 
atmospheric  drag.  Atmospheric  densities  during  1965  and  early  1966 
derived  from  the  energy  decay  of  the  Explorer  XXIV  are  presented. 
Comparisons  are  made  between  the  measured  densities  and  predicted 
densities,  taking  into  account  the  effects  on  the  atmosphere  of  altitude, 
geomagnetic  storms,  diurnal  heating  conditons,  the  semi-annual  effect, 
latitude,  and  an  index  of  the  extreme  ultraviolet  solar  radiation.  A  new 
density  variation  with  latitude  is  presented  which  decreases,  by  about 
fiftv  per  cent,  the  differences  between  measured  densities  and  densities 
predicted  using  the  best  previous  model.  The  new  latitudinal  variation 
predicts  that  maximum  exospnenc  temperatures  occur  in  the  winter  hemis¬ 
phere. 


SECOND  ORDER  CORRECTIONS  IN  GAS  TEMPERATURE 
MEASUREMENTS 

George  S.  Ofelt 
College  of  William  and  Mary 

Gas  temperature  measurements  in  low  density,  low  temperature  mole¬ 
cular  flow  facilities,  with  the  aid  of  the  high  energy  electron  beam  probe 
technique  have  been  investigated.  Theoretical  predictions  are  presented 
to  include  possible  deviations  from  the  optical  selection  rules  in  the  ion¬ 
izing  transition  induced  by  the  high  energy,  primary  electron  and  also 
ionizations  produced  by  secondary  electrons.  Specific  applications  is  made 
to  nitrogen,  and  the  correction  factor  arises  from  the  inclusion  of  a  A  K 
=  3  term  for  the  ionization  process.  The  results  of  theoretical  calcula¬ 
tions  are  presented  for  rotational  temperatures  of  25  °K,  50 °K  and  300  °K. 
Comparison  is  made  between  the  temperature  as  calculated  by  the  exist- 
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ing  theory  and  the  temperature  as  obtained  when  the  correction  factor 
is  included.  It  is  shown  that  the  rotational  line  intensities  as  calculated 
in  each  case  agree  to  within  a  few  percent.  The  results  indicate  that 
if  this  correction  factor  is  appreciable,  the  effect  on  the  temperature 
determination  could  be  appreciable  at  temperatures  lower  than  300  °K, 
but  would  be  negligible  at  temperatures  the  order  of  300  °K  and  higher. 

APPLICATION  OF  THE  UNIVERSITY  OF  VIRGINIA 
MAGNETIC  WIND  TUNNEL  BALANCE  TO 
STUDIES  OF  DYNAMIC  STABILITY 

H.  M.  Parker,  W.  M.  Phillips  and  A.  R.  Kuhlthau 

Department  of  Aerospace  Engineering  and  Engineering  Physics 
University  of  Virginia 

The  University  of  Virginia  magnetic  wind  tunnel  balance  is  a  three 
component  balance  which  suspends  an  axisymmetric  model  free  or  nearly 
free  to  rotate  under  the  influence  of  aerodynamic  moments.  In  princi¬ 
pal  it  can  impose  heaving  and  swerving  motions  on  the  model,  and  can 
provide  certain  kinds  of  rotational  spring  and  damping  constants.  In 
order  to  be  a  practical  device  to  study  dynamic  stability,  the  balance  and 
the  wind  tunnel  must  be  adequately  large.  The  operating  principles 
and  possible  geometries  will  be  described.  The  prospects  and  difficulties 
of  developing  large  balances  will  be  discussed.  (Work  supported  by 
NASA  and  Air  Force  Office  of  Scientific  Research.) 

A  QUASI-FLUID  TREATMENT  FOR 
INTENSE  ELECTRON  BEAM  FLOW 

A.  S.  Roberts,  Jr. 

Old  Dominion  College 

Previous  analytical  work  (Plasma  Phys.  8:53)  treated  stationary 
electron  beams  from  a  free  particle  viewpoint.  These  previous  results 
extended  a  paraxial  analysis  published  by  Walsh  (Plasma  Phy.  5:17) 
by  retaining  the  self-magnetic  field  forces  of  the  beam;  a  spatially  periodic 
beam  envelope  was  predicted  when  space-charge  neutralization  of  the 
beam  was  assumed.  In  the  present  analysis  an  attempt  is  made  to  account 
for  collective  interactions  of  beam  particles  via  moments  of  the  Boltz- 
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man  transport  equation  and  use  of  an  anisotropic  stress  tensor;  a  modified 
paraxial  treatment  is  ultimately  made.  The  objective  is  unchanged:  to 
describe  the  macroscopic  behavior  of  an  intense  non-accelerated  beam 
of  electrons  in  high  vacuum  (10-6  torr).  Beam  envelope  trajectories  are 
calculated,  where  in  the  present  formulation  an  additional  degree  of 
freedom  allows  the  trading  off  of  energy  between  the  random  axial  mode 
and  the  oidered  translational  modes.  The  gross  spatial  dependence  of 
the  stationary  beam  envelope  is  not  greatly  changed  when  compared  to 
the  case  where  collective  interactions  were  neglected.  It  is  important  to 
note  that  a  nondivergent  solution  (spatially  periodic)  to  the  trajectory 
equation  is  found  when  an  approximate  accounting  of  collective  interac¬ 
tions  is  made.  (Text  of  paper  to  be  published  as  a  contribution  to  the 
Second  rnternational  Conference  for  Electron  and  Ion  Beam  Science 
and  Technology  held  in  New  York,  April,  1966.) 

RECENT  RESULTS  IN  AERONAUTICAL  RESEARCH 

M.  L.  Spearman 
Langley  Research  Center ,  NASA 

The  research  effort  aimed  at  improving  the  efficiency  of  air-supported 
vehicles  has  continued  to  produce  significant  results  throughout  the  years. 
One  of  !he  distinguishing  characteristics  of  aircraft  -  speed  -  is  noted 
and  a  comparison  is  made  of  the  relative  efficiency  of  various  air-borne 
and  water-borne  vehicles  in  terms  of  lift-to-drag  (or  weight-to-thrust) 
ratio.  Recent  research  is  described  whereby  a  better  understanding  of 
the  aerodynamic  problems  has  been  acquired  and  some  new  and  useful 
design  tools  and  concepts  have  become  available.  An  illustration  of  the 
application  of  these  new  concepts  to  the  areodynamic  design  of  a  super¬ 
sonic-cruise  vehicle  is  made.  These  concepts  include  means  of  reducing 
the  supersonic  wave  drag;  shaping  of  the  vehicle  to  provide  the  optimum 
lift  with  a  minimum  of  drag;  the  exploitation  of  various  induced  flow 
fields  to  provide  favorable  interference  effects;  and  means  of  efficiently 
providing  for  equilibrium  in  flight.  Some  of  these  same  concepts  are 
also  shown  to  provide  for  a  reduction  in  the  sonic  boom  overpressures 
generated  by  supersonic  flight. 
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ON  THE  PERTURBED  MOTION  OF  CLOSE  LUNAR 
SATELLITES  FROM  THE  HIGHER  ORDER  HARMONICS 
OF  THE  LUNAR  GRAVITATIONAL  FIELD 

W.  R.  Wells 

Langley  Research  Center ,  NASA 

This  paper  presents  a  brief  discussion  of  some  of  the  short  and  long 
periodic  disturbances  that  may  be  experienced  by  a  close  lunar  satellite 
as  a  result  of  the  influence  of  the  higher  order  harmonics  of  the  lunar 
gravitational  potential  function.  In  particular  the  long  period  effects 
of  the  third  zonal  harmonic  (generally  due  to  a  slight  pear-shapeness 
of  the  attracting  body)  on  the  lifetime  of  close  lunar  satellites  such  as 
those  to  be  used  in  the  Lunar  Oribter  Project  is  discussed.  In  addition, 
some  results  of  a  study  of  the  sensitivity  of  short-period  tracking  data 
from  close  lunar  satellites  to  the  higher  order  gravity  harmonics  are 
presented.  These  sensitivities  are  defined  as  the  perturbations  in  the 
earth  based  range  and  range-rate  measurements  caused  by  the  higher  order 
harmonics. 
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SECTION  OF  STATISTICS 

EVALUATION  OF  CHEMICAL  WEAPON  SYSTEM: 

EXPERIMENTAL  DESIGN  IN  THE  USE  OF 
A  SIMULATION  MODEL 

Ira  A.  DeArmon,  Jr. 

US  Army  Edgewood  Arsenal  Operation  Research  Group 
Edgewood  Arsenal ,  Maryland 

A  computer  simulation  method  has  been  developed  to  study  the 
effectiveness  of  Chemical  Weapon  Systems.  The  procedure  integrates 
in  a  sirgie  computerized  model  all  important  factors,  both  operational 
and  technical,  along  with  their  respective  variability  and  computes  an 
estimate  of  system  effectiveness.  Advantages  exist  because  repeated  com¬ 
puter  trials,  using  the  same  controlled  factors  and  randomly  selected 
variations,  give  output  of  expected  effectiveness  and  its  variance.  When 
the  procedure  is  applied  to  the  study  of  22  factors  (described  by  85  input 
parameter?)  found  in  a  tube  artillery-chemical  shell  weapon  system,  the 
analvsis  of  the  output  gives  rise  to  the  problems  not  onlv  in  interpreta¬ 
tion  but  also  in  the  control  of  computer  running  time.  Solutions  to  the 
problems  of  interpretation  an  dcontrol  of  computer  running  time  are  asso¬ 
ciated  with  statistical  methods  of  experimental  design,  as  well  as  prac¬ 
tical  aspects.  The  following  statistical  methods  have  been  investigated 
as  a  means  to  control  computer  running  time:  a.  Fractions  of  complete 
factorial  experiments  have  been  used  to  obtain  fruitful  results,  and  b.  The 
variance  of  the  expected  effectiveness  is  used  to  determine  the  required 
number  of  replicated  trials.  Furthermore,  it  is  believed  that  decisions 
on  input  factors  based  on  measures  of  output  effectiveness  can  be  accom¬ 
plished  scientifically  through  the  use  of  experimental  design  criteria. 
Examples  are  given. 

A  STOCHASTIC  MODEL  FOR  POLLUTION  AND  DISSOLVED 
OXYGEN  IN  STREAMS 

R.  G.  Krutchkoff  and  Richard  P.  Thayer 
Virginia  Polytechnic  Institute 

Given  the  stream  parameters  and  the  concentration  of  pollution  at 
a  point  upstream  there  are  several  deterministic  models  which  will  predict 
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the  concentration  of  pollution  and  dissolved  oxygen  at  any  point  down¬ 
stream.  Actual  measurements,  however,  indicate  a  fluctuating  concen¬ 
tration.  The  present  model  treats  the  pollution  decay  by  bacteria  as  a 
Stochastic  Process.  It  predicts  the  probability  distribution  of  pollution 
and  dissolved  oxygen  at  any  point  downstream.  The  equation  for  the 
mean  coincides  with  the  results  obtained  by  deterministic  methods  while 
actual  data  varifies  that  the  flucutations  about  the  mean  are  accurately 
predicted. 


THE  N2  DISTRIBUTIONS 

Richard  G.  Krutchkoff  and  Jack  L.  Warner 
Virginia  Polytechnic  Institute 

When  a  continuous  random  variable  is  observed,  it  is  invariably 
discretized.  This  discretinization  often  effects  the  distribution  of  a  func¬ 
tion  of  the  observation.  We  consider  the  distributions  of  the  square  of 
a  discretized  normal  variable.  These  N2  distributions  are  compared  with 
the  chi-squared  distribution. 

USE  OF  REFERENCE  COMPONENTS  IN  MIXTURE 
EXPERIMENTAL  DESIGNS 

R.  H.  Myers 

Department  of  Statistics ,  Virginia  Polytechnic  Institute 

Henry  Scheffe  (J.  R.  Statistical  Soc.  B,  20,  344-360)  developed  the 
Simplex  Lattice  Experimental  Design  for  response  surfaces  in  which  the 
concommitant  variables  are  the  components  of  a  mixture.  These  designs, 
however,  require  that  some  of  the  “design  points”  be  located  at  the  pure 
components  in  the  system.  Since  the  latter  restriction  is  impractical  or 
impossible  in  many  situations,  there  is  a  need  for  similar  designs  in 
which  the  points  all  require  the  use  of  mixtures  involving  at  least  two 
components.  This  paper  extends  the  simplex  lattice  design  and  analysis 
to  the  use  of  “Reference  Components”  rather  than  pure  components, 
where  the  former  can  be  thought  of  as  being  theoretically  pure  although 
they  are  truly  mixtures  of  the  pure  components. 
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SECTION  OF  SCIENCE  TEACHERS 

Martha  L.  Walsh,  Chairman  Julius  E.  Williams,  Secretary 
Mary  B.  Hayes,  Chairman-Elect  Thomas  Doggins,  Editor 

Fifty-one  teachers  attended  the  breakfast  meeting  of  the  Science 
Teachers’  Section  at  Massanetta  Springs.  This  meeting  was  in  conjunction 
with  the  twenty-fifth  anniversary  of  the  Virginia  Junior  Academy  of  Sci¬ 
ence.  To  celebrate  this  occasion  we  were  honored  to  have  as  our  guest 
speaker.  Dr.  Walter  L.  Brown,  a  research  physicist  at  Bell  Telephone  Re¬ 
search  Laboratories.  As  a  student  in  1941  he  was  the  first  winner  of 
the  Virginia  Academy  of  Science  membership. 

He  opened  his  remarks  with  a  brief  comment  on  his  paper  “Develop- 
ment  Process  of  Photographic  Films”  which  he  delivered  twentv-five  vears 
ago.  He  then  proceeded  to  the  main  topic  “Lasers”.  He  developed  a 
brief  history  of  lasers  which  is  less  than  ten  years  old. 

Dr.  Brown  explained  the  phenomenon  of  fluorescence  in  svnthetic  crys¬ 
tals  containing  small  amounts  of  impurities.  In  this  process  ultra-violet 
light  photons  fed  into  crystals  are  converted  into  visable  photons.  This 
is  accomplished  bv  a  “pumping”  action  of  the  ultra-vmlet  photons  on 
the  valence  electrons  of  the  foreign  element  atoms.  The  excited  elec¬ 
trons  in  returning  to  the  ground  state  emit  photons  of  visable  lirrht. 
The  visable  is  emitted  at  random  and  is  incoherent,  that  is  there  is  h’ttle 
gain  in  amplitude  because  reinforcement  of  the  wave  by  constructive 
interference  does  not  take  place  to  any  great  extent. 

The  Laser  phenomenon  is  closely  related  to  fluorescence.  The  dif¬ 
ference  lies  in  the  fact  that  many  photons  of  discrete  wave  lengths 
emitted  when  the  excited  electrons  return  to  ground  state  reinforce  each 
other  resulting  in  a  coherent  light  beam  of  large  amplitude.  There  is  a 
critical  level  at  which  laser  action  can  start;  that  is,  there  must  be  more 
electrons  in  the  excited  state  than  in  the  ground  state.  The  ground  state 
must  be  depopulated  bv  more  than  one-half  or  absorption  will  occur  and 
laser  action  will  not  take  place.  If  electron  excitation  is  less  than  50% 
fluorescence  results.  If  excitation  is  increased  to  more  than  50%  enough 
electrons  are  excited  to  produce  stimulated  emission  of  photons  which 
is  necessary  for  the  production  of  the  laser  beam. 

The  source  of  the  electrons  to  be  excited  is  varied  and  the  “pump¬ 
ing  energv”  can  be  supplied  bv  electromagnetic  radiation  such  as  light 
or  radio-wave  photons.  Dr.  Brown  talked  about  and  demonstrated  the 
Ruby  Laser  which  uses  a  rubv  rod  (A1209  +  Cr+  +  +  )  as  an  electron 
source  and  a  flash  lamp  as  the  energizer.  This  is  an  example  of  a  pulsed 
laser.  He  also  showed  Helium-Neon  Gas  Laser  which  produces  a  con- 
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tinuous  beam  of  somewhat  lower  power.  He  diagrammed  the  physical 
details  of  the  optical  cavity,  flash  lamp,  mirrors  and  optical  shutters  used 
in  the  construction  of  the  laser  instrument. 

He  described  many  uses  for  laser  beams  such  as  research,  industrial 
applications,  communications  and  space  exploration.  He  encouraged  its 
use  especially  as  a  source  of  coherent  monochromatic  light  for  the  study 
of  wave  phenomena  and  Hologram  Photography. 

Dr.  Brown  encouraged  the  Science  Teachers  present  to  keep  up  the 
work  they  are  doing  in  educating  the  youth  of  Virginia.  He  also  urged 
them  to  present  the  field  of  science  to  their  students  as  an  exciting, 
challenging  and  rewarding  career. 
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Note:  Following  are  the  types  of  membership  in  the  Academy: 

***  Patrons,  who  contribute  $1000  or  more  to  the  Academy: 

**  Life  Members,  who  contribute  $150  or  more  to  the  Academy. 

**  Honorary  Life  Members,  who  are  elected  by  the  Council. 

Business  Members,  who  pay  annual  dues  of  $100. 
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a  Business  Member. 

The  Academy  membership  is  organized  into  sections  representing  the 
various  scientific  disciplines. 

Addressograph  plates  of  members  are  coded  by  a  section  number.  The 
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